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INTRODUCTION 
 

[1] 
 

Achieving a functionally stable and aesthetically pleasing alignment of the 

dentition is the primary goal of any orthodontic treatment. 
 
The type of malocclusion, 

mechanotherapy used or the type and duration of retention are not the only factors which 

influence this goal. One of the most important factors is the timing of treatment. The 

rationale of treatment is based on modification of growth during the greatest craniofacial 

growth period or the option of camouflage and orthognathic surgery at a later period. 

Appropriately timed correction or interception is the key to success in rendering a 

harmonious occlusion 
2,3,4,5,6,7,

. This assessment of timing is based on the knowledge of 

growth and development of the craniofacial complex. 

As reported by Todd
8
, “Growth is increase in size and development is progress 

towards maturity”. The process of maturation is continuous throughout life - from 

conception till death. Although maturation is a continuous process there are certain 

periods in the life of an individual where the greatest increments of growth occur. These 

periods are called growth spurts
9
. The various growth spurts include the pre-natal growth 

spurt, post-natal growth spurt, mixed dentition growth spurt and pre-pubertal growth 

spurt. Among these growth spurts the pre-pubertal growth spurt plays a major role in 

orthodontic treatment planning. 

These growth spurts are closely related to the acceleration in the growth of 

craniofacial structures. Since orthodontic and dentofacial orthopedic therapy involves not 

only the correction of dentoalveolar structures but of skeletal structures as well, 

utilization of the peak in growth becomes necessary. This peak is characterised by wide 

individual variations in the onset and duration. Effective use of pubertal peak of growth 

demands for an identification of the individual’s level of growth and maturation. 
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[2] 
 

The assessment of skeletal growth and maturation involves the use of several 

biologic indicators including
 

 increase in body height
10

  

 dental development and eruption
11,12,13

 

 cervical vertebral maturation
14,15

   

 skeletal maturation of the hand and wrist
16,17,18

 

 frontal sinus development.
94

 

Certain biomarkers such as alkaline phosphatase
19

, Insulin like growth factor 

(IGF)
20

, Dehydroepiandrosterone sulphate (DHEAS)
21

 have also been attempted to be 

used  as maturity indicators.  

The frequently used skeletal maturity indicator is the cervical vertebral 

maturation method as it uses the lateral cephalograph which is routinely required for 

orthodontic diagnosis. This reduces the additional radiation exposure attributable to a 

hand-wrist radiograph. 

The changes in the size and shape of cervical vertebra were identified and 

maturational standards were created by Don Lamparski
22

 in 1972 as a part of his 

university post graduate program. This was further developed as an index by Hassel and 

Farman
28

.  McNamara, Bacetti and Franchi
14

 in 2005 modified the Cervical Vertebral 

Maturation (CVM) method. 

This method is based on the anatomical changes of the 3 cervical vertebra (C2, 

C3 and C4) evaluated with the presence or absence of concavity at their inferior borders 

and the difference in shape of their bodies (trapezoid, rectangular horizontal, square and 

rectangular vertical).  
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Accordingly it is divided into 6 stages – CS1, CS2, CS3, CS4, CS5 and CS6. 

Stages CS1, CS2, stages CS3, CS4 and Stages CS5, CS6 are considered as pre-pubertal, 

pubertal and post-pubertal stages respectively
19,56

. 

Puberty is a neuroendocrinal event hosted by the hypothalamic-pituitary-adrenal 

axis (HPA). The adrenal glands secrete C19 steroids Dehydroepiandrosterone (DHEA) 

and Dehydroepiandrosterone-Sulphate (DHEA-S). These steroids act as precursors for 

androgens- testosterone and dihydrotestosterone by stimulating the pulsatile secretion of 

the gonadotrophin releasing hormone from the hypothalamus which in turn stimulates 

the secretion of gonadotrophins by the pituitary
23

. DHEA is released into the circulation
 

as the sulfated form – DHEA-S which constitutes of ninety-nine percent of circulating 

DHEA
25. 

Dehydroepiandrosterone (DHEA) and Dehydroepiandrosterone-Sulphate 

(DHEA-S) are often interconverted into one another, so it is commonly referred as 

DHEA(S). 

Production of DHEA(S) is initiated by the fetal adrenal glands and proceeds 

through pregnancy. This results in high concentrations of DHEA(S) in the newborn. By 

age one, the fetal adrenal glands are replaced by definitive adrenal cortex which 

produces a small quantity of DHEA(S). Thus the concentration declines during the first 

months of life and remains low.  

The onset of production of DHEA(S) from the zona reticularis of the adrenal 

cortex starts at around the age of six. This is referred as adrenarche
23

. 

The concentrations of DHEA(S) increases gradually reaching the peak at around 

20 to 30 years and declines to 20-30% of the peak levels by around 70-80 years
24

. The 

age-associated decrease in DHEA(S) secretion has been termed adrenopause
23

.
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The conversion of adrenal DHEA(S) to dihydrotestosterone is mandatory to 

stimulate secondary sexual characteristics like axillary and pubic hair growth i.e. the 

phenotypic result of adrenarche is pubarche
23

.  

In some children with low birth weight, earlier DHEA(S) production resulting in  

premature adrenarche or higher DHEA(S) production resulting in exaggerated 

adrenarche have been noted
25

. Children with elevated DHEA(S) production may have 

slightly advanced bone age and accelerated linear growth along with abundant axillary 

and pubic hair. 

As these hormones play a major role in the initiation of puberty, it would be more 

appropriate to measure the level of this biomarker to assess the maturational stage of 

pubertal growth spurt.  

DHEA and DHEAS are widely distributed throughout the body. They are present 

in brain, adrenals, spleen, kidneys, testes, liver, plasma and saliva. The salivary 

concentrations are linearly related to the plasma concentrations
38

. 

Salivary sampling to study the level of DHEA has the advantages of ease of 

collection and non- invasiveness particularly in younger individuals.  

Therefore this study attempts to find a co-relation between the salivary DHEA 

and the Cervical Vertebral Maturation Method of skeletal maturation assessment. 
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[5] 
 

Aim : 

The aim of the study is to assess and find a co-relation between the salivary 

DHEA and the Cervical Vertebral Maturation Method in pre-pubertal, pubertal and post-

pubertal stages of growth. 

Objectives: 

1. To assess the salivary DHEA levels of the subjects. 

2. To assess the skeletal maturational stage of the subjects using the Cervical 

Vertebral Maturation Index. 

3. To co-relate between the salivary DHEA level and the Cervical Vertebral 

Maturation Method of skeletal maturation assessment at pre-pubertal, pubertal 

and post-pubertal stages. 

 

 

 

 

 

 

 

 



REVIEW OF LITERATURE 
 

[6] 
 

Jacques.R. Ducharme et al (1976)
26

 measured the plasma free 

dehydroepiandrosterone, androstenedione, testosterone, dihydrotestosterone, estrone, and 

estradiol by radioimmunoassay in 55 boys and 54 girls 3.5 to 16.3 years of age. Plasma 

DHEA increased significantly between 6 and 8 years of age in girls and between 8 and 

10 years of age in boys. A further significant increase was noted between 10 and 12 

years of age in both sexes. Androstenedione rose significantly between 8 and 10 years of 

age in girls and between 10 and 12 years in boys. In contrast, no significant increase in 

other hormones was noted prior to 12 years of age in both sexes.  

 They concluded that early rise in the course of pubertal development of the two 

sex steroids predominantly of adrenal origin, and its occurrence 1 to 2 years earlier in 

girls than in boys, as does puberty itself, suggest a possible role for these steroids in the 

mechanisms involved in triggering the hypothalamic-pituitary-gonadal axis at puberty. 

Ross F. Vining et al (1983)
27

 examined the mode of entry of DHEAS into saliva. 

Their study shows salivary concentrations of lipid insoluble, conjugated steroid such as 

DHEAS is approximately 1 % of un-bound plasma concentrations. They conclude that 

the principal route of entry is through the tight junctions between the acinar cells i.e. the 

ultrafiltration route. They also found an increased concentration of the hormone in saliva 

contaminated with plasma or gingival fluid. They noticed that the DHEAS concentration 

is inversely related to the salivary flow rate. 

Brent Hassel & Allan G Farman (1995)
28

 obtained the lateral cephalometric 

and hand-wrist radiographs from the Bolton-Brush growth centre and developed a 

cervical vertebrae maturation index. 6 categories of cervical vertebrae were defined – 

Initiation, acceleration, transition, deceleration, maturation, completion. 
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Patricia García-Fernandez (1998)
29 

did a study to determine whether the 

maturation of cervical vertebrae would correlate with the maturation indicated by hand-

wrist X-rays in a Mexican population. The hand-wrist radiographs were evaluated with 

the Fishman system and the cervical vertebral development of the sample was evaluated 

by the Hassel and Farman method. The results showed no significant difference between 

the two techniques of assessing skeletal maturation in a Mexican population and thus can 

be accepted as valid at the 95% level for both males and females. 

Douglas A. Granger et al (1999)
30

 specified the guidelines for sample 

collection, storage, and preparation procedures for radioimmunoassay of DHEA in 

saliva. With regard to sample collection, they recommend to refrain from using cotton 

swabs or either version (i.e. untreated-cotton, polyester or citric-acid treated swabs) of 

the Salivette device. If a sugarless flavourless gum is used as a stimulant then it has to be 

chewed for at least 3 min before sample collection. They recommend that fresh samples 

are not to be processed and that the samples should be frozen first and thawed before 

assay to break down mucopolysaccharides. Even though their study shows that DHEA in 

saliva is robust to freeze–thaw they advise to keep freeze–thaw cycles to be a minimum. 

Tiziano Baccetti et al (2000)
2
 performed a cephalometric study to evaluate the 

skeletal and dento-alveolar changes induced by twin block appliance in different skeletal 

maturation stages in order to define the optimal timing for this therapy. The early treated 

group was in cervical maturation staging 1 & 2 and the late treated group consisted of 

people in cervical maturation staging 3 to 5 according to the evaluation method by 

Lamparski.  
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The results showed a 4.5mm per year overjet reduction in an early treated group 

and upto 6mm per year in a late treated group and a remarkable correction in the molar 

relation in both the groups. Thus they show that late treatment with twin block starting 

during or slightly after the onset of the peak in mandibular growth appears to be more 

effective than early treatment as it induces more favourable skeletal contribution. 

Albert Michael et al (2000)
31

 sought to examine whether levels of 

dehydroepiandrosterone are abnormal in depression. Salivary DHEA and cortisol levels 

were analysed in 3 groups: Major depressives (44), partial or completely remitted 

depressives (35), normal controls (41). They concluded that lowered 

dehydroepiandrosterone levels are an additional state abnormality in adult depression 

and dehydroepiandrosterone may antagonize some effects of cortisol and may have 

mood improving properties. 

Elizabeth A. Shirtcliff et al (2001)
32

 evaluated the susceptibility of 

immunoassays between direct saliva collection and by using cotton absorbent materials. 

Salivary assay results for testosterone, DHEA, progesterone, and estradiol are artificially 

high, and for sIgA artificially low, when samples are collected using cotton absorbent 

materials. In contrast, results for salivary cortisol, DHEA–S, and cotinine are not 

affected by the use of cotton collection methods. It was shown that in DHEA the cotton 

interference effect is of sufficient magnitude to attenuate the association between serum 

and saliva levels due to the presence of an interfering substance in the cotton.  
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Koshi Sato et al (2001)
33 

developed a new system - Computer Aided Skeletal 

Maturity Assessment System (CASMAS) to automatically evaluate skeletal maturation 

in Japanese children. They used several methods to predict mandibular total length 

(Condylion – Gonion) at final stage using skeletal maturation as an indicator. Bone age 

was calculated by both TW2 method and CASMAS method. The error was higher by 

CASMAS than TW2 method but the difference was not significant. They conclude that 

this method may be a promising method because of its easy visual evaluation. 

Tiziano Bacetti et al (2002)
34

 provided an improved version of cervical vertebral 

maturation method. This analysis consisted of visual and cephalometric appraisal of 

morphologic characteristics of the second, third and fourth cervical vertebrae in 6 

consecutive Cephalometric observations. This new method presents with five 

maturational stages Cervical vertebral maturation stage (CVMS) I through Cervical 

vertebral maturation stage V.  

The pre-peak period is denoted by CVMS I and CVMS II. The peak in the 

mandibular growth occurs between CVMS II and CVMS III. The CVMS V is recorded 

atleast 2 years after the peak.  The advantages of this new version are that the mandibular 

skeletal maturity can be appraised on a single cephalogram by analysis of the cervical 

vertebrae which are visible even when a protective radiation collar is worn. 

Toshinori Mito et al (2002) 
35 

determined a regression formula to obtain cervical 

vertebral bone age based on ratios of measurements in the third and fourth cervical 

vertebral bodies and co-relating it with the TW2 method. The ratios of these parameter 

were calculated (AH/AP, H/AP, PH/AP, AH/H, H/PH, and AH/PH).  

 

 

 



REVIEW OF LITERATURE 
 

[10] 
 

Cervical vertebral bone age was given by the formula-0.20+6.20xAH3/AP+ 5.90 

xAH4/AP4 + 4.74 x AH4/PH4 where AH -anterior vertebral body height, H – vertebral 

body height, PH - posterior vertebral body height, and AP- anteroposterior vertebral 

body length on the third and fourth cervical vertebrae. 

Paloma San Roman et al (2002)
36 

analysed the hand wrist radiographs and 

lateral cephalograph of 958 Spanish children from 5 to 18 years of age with Grave and 

Brown classification for the hand wrist and Lamparski and Hassel- Farman method for 

Cervical Vertebral Maturation. They studied the changes in the concavity of the lower 

border, height, and shape of the vertebral body and confirmed that concavity was the 

most accurate of the three parameters.  

They propose that the Hassel and Farman classification can be used to estimate 

the maturation stage in both males and females whilst the Lamparski classification is not 

sufficiently accurate in males and can be used only in females and can also replace the 

wrist radiograph in the assessment of the maturation stage. 

Kurt Faltin Jr. et al (2003)
3
 investigated the long term effects and optimal 

timing for Class II treatment with bionator appliance. Lateral cephalograms of Class II 

patients were analysed in two groups. The early treated group consisted of 13 subjects in 

cervical vertebral maturation stage 1. The late treated group included 10 subjects in 

cervical vertebral maturation stage 2. The cephalograms were assessed at three time 

periods at the start of treatment, at the end of bionator therapy and at long term 

observation after completion of growth. 

 The findings of the study indicated that the bionator therapy is more effective 

and stable when it is performed during the pubertal growth spurt. Optimal timing to start 

treatment is when a concavity appears at the lower borders of the second and third 

vertebrae (CVMS 2). 
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F. Hucklebridge et al (2004)
37

 mapped DHEA secretory activity onto the diurnal 

cycle by measuring cortisol and DHEA in saliva samples collected at distinct time points 

over the diurnal cycle, synchronised to awakening. Both steroids, particularly DHEA, 

showed stability across days of sample collection. A main distinction between cortisol 

and DHEA was that although DHEA was elevated in post-awakening samples compared 

with later in the day there was no evidence of an awakening stimulatory burst of DHEA 

secretory activity. The secretory pattern of DHEA is very stable whereas cortisol 

secretory activity seems more sensitive to day-to-day variability.  

Wattana Leowattana (2004)
38

 reviews the use of DHEAS as a new diagnostic 

tool. This article explains the physiology, metabolism and the various factors that 

influence the concentrations of the hormone. Increased concentrations of DHEAS were 

to be found in patients with adrenal tumors, congenital adrenal hyperplasia and 

polycystic ovary syndrome. Undetectable concentrations of DHEAS are noted in patient 

with adrenal insufficiency or panhypopituitarism. This article elaborates on the direct 

action of DHEAS as a neurosteroid exerting direct and differential effects on neuronal 

growth and development as well as the effect on immunity by enhancing natural killer 

cell cytotoxicity in humans via locally generated immunoreactive insulin-like growth 

factor I. 

The author mentions the drugs which cause an increase in DHEAS concentration 

as metformin, benfluorex, alprazolam and drugs which decrease the DHEAS 

concentrations as Insulin, phenytoin, pravastatin, dopamine and rifampicin. 
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Clare Netherton et al (2004)
39

 investigated basal levels of cortisol and 

dehydroepiandrosterone (DHEA), and their relation to gender and pubertal development, 

in healthy children and adolescents. Salivary cortisol and DHEA levels were examined in 

129 normally developing subjects aged eight to 16 years. Saliva samples were collected 

in the morning and evening over four consecutive days. Pubertal stage was assessed 

using Tanner stage sketches, and subjects were grouped according to their general status 

of pubertal development (pre-early puberty: Tanner stage III; mid-post puberty: Tanner 

stage II). Results showed that mean levels of salivary DHEA were greater in mid-

postpubertal boys and girls than in pre-early pubertal boys and girls. 

Johanna Assies et al (2004)
40

 examined salivary morning and evening levels of 

cortisol and DHEA-S in 13 medicated, unipolar, non-psychotic depressed patients and 13 

healthy volunteers. Diurnal declines in cortisol and DHEA-S levels were found in both 

depressed and control groups. In patients compared with controls, DHEA-S was 

significantly elevated, in conjunction with normal cortisol levels. DHEA-S may be a 

more sensitive indicator of depression and symptom severity than cortisol in medicated 

but still clinically depressed patients. 

Katie T. Kivlighan et al (2004)
41

 examined the impact of blood leakage due to 

microinjury to the oral cavity on the measurement of salivary hormones. Saliva samples 

were collected before, immediately after, and then every 15 min for 1 h following 

vigorous tooth brushing. Blood in saliva was quantified by visual inspection of 

discoloration, Hemastix  reagent strips to detect hemoglobin, and an immunoassay for 

transferin. Results showed that group average measurements of salivary DHEA were 

largely unaffected by microinjury. However, Visual inspections of sample discoloration 

did accurately predict individual differences in the change of DHEA after microinjury.   
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The authors advocate screening the participants should be screened for events in 

their recent history that could cause blood leakage into saliva by asking questions related 

to teething, shedding teeth, open sores, and injury. They also recommend avoiding 

Sampling saliva within 45 min of microinjury to the oral mucosa and a systematic 

inspection of the samples at the point of collection, and if visibly contaminated with 

blood, excluding those samples from analyses. 

Tiziano Baccetti et al (2005)
14

 introduced a modified version of the Cervical 

vertebral maturation method. He analysed the morphology of the bodies of the second, 

third and fourth cervical vertebrae in 6 consecutive cephalometric radiographs of 30 

orthodontically untreated subjects. This new method comprised of 6 maturational stages, 

cervical stage 1 (CS1) through cervical stage 6 (CS6). CS1 and CS2 are pre-peak stages, 

the peak in mandibular growth occurs between CS3 and CS4. CS5 and CS6 denote the 

post-peak stages. He provides this method to identify optimal treatment timing for dento-

facial Orthopaedics. 

Carlos Flores-Mir et al (2006)
42

 assessed the correlation between Fishman 

maturation prediction method (FMP) and the CVM in 79 subjects and found a 

moderately high correlation value and may be high enough to use either of the methods 

indistinctively for research purposes and not for the assessment of individual patients. 

They propose that the clinician should realise the limitations of either method for clinical 

practise and the reduced radiation resulting from the avoidance of an additional 

radiograph may justify the use of cervical maturation. 
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Paola Gandini (2006)
43 

compared the Bjork index of hand-wrist bone analysis 

and Baccetti et al CVM method and found a concordance rate of 83.3%. The results also 

show a correlation of CVMS 1 with Bjork stage 1 – 3, CVMS I , CVMS II with Bjork 

stage 4, CVMS III with Bjork stage 5, CVMS IV with Bjork stage 6&7 and CVMS V 

with Bjork stage 8&9. They confirmed that the vertebral analysis and a lateral 

cephalograms is as valid as hand-wrist bone analysis with the advantage of reducing the 

radiation exposure of growing subjects. 

Tancan Uysal et al (2006)
44 

investigated the relationship between chronologic 

age and the maturation of cervical vertebrae in a Turkish population and found a high 

correlation co-efficient. They concluded that in subjects of Turkish origin the cervical 

vertebrae stages method can be used as a maturity indicator in daily orthodontic 

diagnostic practice. 

Peter Gallagher et al (2006)
45

 compared the accuracy of cortisol and DHEA  

measurement by examining the association between plasma levels, saliva collected by 

passive drool method and saliva collected using a citric acid-treated salivette device.  

Their study showed that DHEA levels of saliva samples collected using the unstimulated 

collection method correlated with plasma levels.  

DHEA collected using the salivette device did not correlate significantly with 

either plasma or the unstimulated saliva. 
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A.Wayne Meikle et al (2007)
46 

sought to determine the adrenal steroid 

concentrations in children from 7 to 17 years of age. Tanner stage was determined in 

each child by physical examination. 11-DeoxyCortisol, pregnenolone, 17-

hydroxypregnenolone, 17-hydroxyprogesterone and testosterone were quantified by 

liquid chromatography-tandem mass spectrometry. Androstenedione and 

Dehydroepiandrosterone sulfate were measured by immunoassay. Except for 11- 

deoxycortisol, all of the steroids exhibited an increase in concentration after age 7-9 

years in both boys and girls. 11-Deoxy Cortisol, which is made exclusively in the adrenal 

cortex, declined with age and Tanner stage. 

This study suggests that a rise in gonadal function and decreased efficiency of 

llß-hydroxylase with age may contribute to an increase in the remaining steroids. 

Testosterone concentrations increased more dramatically in boys, but increases were 

seen with each Tanner stage in girls. 

Ryun-Sup Ahn et al (2007)
47

 studied the correlation of DHEA in serum and 

saliva. Blood and saliva samples were collected between 10 and 11 am from 359 

volunteers between 21 and 16 years of age. DHEA levels did not start to decline 

significantly until 40s, declined significantly in 50s with a further decline in 60s. The 

relative DHEA ratio of serum to saliva was similar throughout the ages examined. 

Robert L. Matchock et al (2007)
48

 correlated the levels of cortisol, testosterone, 

and DHEA across pubertal development using Tanner criterion of genital and pubic hair 

stage for boys and breast and pubic hair stage for girls. DHEA was found to be lower at 

pubertal stage 1 than stages 3 & 4 with no sexual differences. DHEA showed significant 

diurnal variation with highest values in the morning. Seasonal effects were not found for 

testosterone and DHEA but found for cortisol.  
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Douglas A. Granger et al (2007)
49

 analysed the prevalence, stability, and impact 

of blood contamination in children’s saliva on the measurement of cortisol, testosterone, 

and dehydroepiandrosterone.  Participants were 363 children (47% boys; ages 6–13 

years) from economically disadvantaged families who donated saliva samples on 2 days 

in the morning, midday, and late afternoon. To index the presence of blood (and its 

components) in saliva, samples were assayed for transferrin.  

They conclude that blood contamination in children’s saliva samples is rare, and 

its effects on the measurement of salivary hormones are small. The authors advice to 

avoid sampling saliva within 45 min of microinjury to the oral mucosa. They also 

recommend that samples should be systematically inspected at the point of collection and 

if visibly contaminated with blood they should be excluded from analyses. 

Elizabeth Shirtcliff et al (2007)
50

 examined salivary DHEA responses to a 

public speaking task (PST) and parent–child conflict discussion paradigm in adolescents. 

Results showed that DHEA levels were higher in girls than boys, and in older and more 

physically developed adolescents, indicative of DHEA’s function during pubertal 

maturation. DHEA levels increased during the PST, indicating responsiveness of DHEA 

to acute stressors.  

Across both tasks, girls with internalizing problems showed sharper rises in 

DHEA by 40 minutes post-task, ending with the highest DHEA and a failure to show a 

normal diurnal decline in the afternoon. They concluded DHEA may be one possible 

mechanism linking stress responsivity and physical maturation that helps to explain 

adolescents’ risk for psychopathology within a biobehavioral framework. 
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Tiziano Baccetti et al (2007)
51 

studied a large cross-sectional population of 1091 

of male and female untreated subjects at six consecutive developmental periods 

(CS1through CS6) according to the cervical vertebral maturation method. The findings 

of the investigation indicate that the timing for orthognathic surgery in Class III patients, 

as well as the appropriate “surgical age” for other procedures in dentistry (eg, implants in 

the mandibular arch), should be considered also with particular attention in the light of 

the findings of the present study that indicate mandibular growth continued into young 

adult ages in males and females with Class III malocclusion. 

Yan Gu and James McNamara Jr(2007)
52

 after a longitudinal cephalometric 

implant study of 20 subjects substantiated that the peak mandibular growth was between 

the stages CS3 to CS4 and that mandibular remodelling and condylar rotation continue to 

occur over a relatively long period even after the growth spurt. 

Li-Li Chen et al (2008)
53

 gave a quantitative cervical vertebral maturation 

assessment for adolescents with normal occlusion.QCVM (Quantitative cervical 

vertebral maturation) were divided into 4 stages: QCVM I to QCVM IV. They concluded 

that H4/W4 (ratio of height/width of the 4
th

 cervical vertebra), AH3/PH3       (ratio of 

anterior height to posterior height of 3
rd

 vertebra) and @2 (anteriosuperior angle between 

the inferior border of the 2
nd

 vertebra to the straight line joining the posterioinferior and 

anteroinferior points ) can be used as decisive parameters. 

 They established an equation to accurately estimate CVM : CVMS = -4.13 +3.57 

x H4/W4 + 4.07 x AH3/PH3+0.03x@2. The definition of each stage was in QCVM I, 

CVMS <1.7404; inQCVM II, 1.7404<CVMS <2.623; in QCVM III,2.623< CVMS 

<3.5199; and in QCVM IV,CVMS >3.5199. 
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Tiziano Baccetti et al (2008) 
13 

assessed the relationship between the eruption of 

the permanent maxillary canines and skeletal maturity in subjects with different skeletal 

relationships in sagittal and vertical planes. 152 subjects were divided into prepeak 

(before pubertal growth spurt, cervical stage CS1 andCS2), peak (during the pubertal 

growth spurt, CS3 and CS4), and postpeak (after the pubertal growth spurt,CS5 and CS6) 

groups.  

The study concluded that the eruption of the permanent maxillary canine can 

occur at any stage in skeletal maturation before the end the pubertal growth spurt (CS1-

CS4), with hyperdivergent subjects more frequently having prepubertal canine eruption. 

Tiziano Baccetti et al (2008)
54

 investigated the role of treatment timing on the 

effectiveness of vertical-pull chincup therapy in conjunction with a bonded rapid 

maxillary expander (RME) in growing subjects. Both the treated and the untreated 

samples were divided into prepubertal and pubertal groups on the basis of cervical 

vertebral maturation. Treatment of increased vertical dimension with the RME and 

VPCC protocol appears to produce better results during the pubertal growth spurt than 

before puberty, although the absolute amount of correction in the vertical skeletal 

parameters is limited. 

Hessa Abdulla Alkhal (2008)
55 

investigated the co-relation between chronologic 

age, cervical vertebral maturation and Fishman’s skeletal maturity indicators in a 

southern Chinese population and confirmed that CVM is valid indicator of skeletal 

growth during the circum pubertal and has a high correlation with the HWM. They also 

show a low correlation between chronologic age and both CVM and HWM and confirm 

that the chronologic age was not suitable to measure skeletal maturity. 
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Lorenzo Franchi, Tiziano Baccetti et al (2008)
56 

did a diagnostic performance 

study to analyse the relationship between the circum-pubertal phases of the dentition 

(early mixed, intermediate mixed, late mixed, early permanent) and the CVM method. A 

variable diagnosis of pre-pubertal stage 1 (CS 1) in the early mixed and the intermediate 

mixed dentitions, pubertal stage 3 in the late mixed and early permanent dentitions were 

obtained. They conclude that the early mixed dentition phase shows a strong diagnostic 

value for the identification of pre-pubertal skeletal maturity, whereas the intermediate 

mixed dentition phase had a low diagnostic value for the same pubertal stage. So they do 

not support the use of late mixed dentition or permanent dentition as a valid indicator for 

the onset of pubertal growth spurt. 

Mohammed I. Masoud et al (2008)
57 

measured mean blood spot IGF-I levels in 

a cross-sectional study of 83 patients (44 female,39 male) on recall to begin orthodontic 

treatment, in active treatment, or in post treatment follow-up. Results showed Mean 

blood spot IGF-I levels were significantly higher in the late pubertal stages than in the 

prepubertal, earlypubertal, and postpubertal stages.  

Linear correlation showed that IGF-I levels had a significant positive correlation 

with cervical skeletal maturity from the prepubertal to the late pubertal stages, and a 

significant negative correlation from the late pubertal to the postpubertal stages. In the 

postpubertal stage, IGF-I levels had a negative linear correlation with increasing time 

since the onset of puberty and with chronological age. They concluded that blood spot 

IGF-I could be used as a skeletal maturity indicator and might be useful in detecting 

residual mandibular growth in young adults. 
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Shuhei Izawa et al (2008)
58

 investigated dehydroepiandrosterone (DHEA) 

secretion in response to acute psychosocial stress and the relations of DHEA secretion to 

cortisol secretion, cardiovascular activity, and negative mood changes. Collections of 

saliva, measurements of blood pressure and heart rate, and assessments of negative mood 

by visual analog scales were conducted before, during, and after delivering a speech and 

performing a mental arythmatic task in front of audience.  Acute psychosocial stress 

significantly increased salivary DHEA level by an average of 60% immediately after. 

The results indicated that an acute increase in DHEA concentration under stressful 

situations might be partly mediated by the activity of hypothalamus–pituitary–adrenal 

axis and could have some significance in the improvement of negative mood. 

Gerald L. Brown et al (2008)
59 

performed a small pilot study to demonstrate the 

feasibility and relevance of using salivary assessment of biological markers in studies of 

aggressive behaviour. 5 males of age 18-30 provided saliva samples at 20:00, 02:00, 

08:00 hours. Results showed lowest DHEA levels at 20:00 hours, slightly higher at 02:00 

h and highest at 08:00 h. Thereby they demonstrated the feasibility of using salivary 

collection and assays to assess the biological markers.  

Toshihiro Ansai et al (2009)
60

 investigated the associations between those levels 

and periodontitis in never-smokers and smokers of elderly subjects. Cortisol and DHEA 

levels in saliva were determined in 171 subjects (85 males, 86 females), with clinical 

examinations including probing depth (PD) and clinical attachment loss (CAL) also 

performed. Results showed that smoking had effects on cortisol and DHEA levels, and 

those were significantly associated with severe PD and CAL in never smokers. Their 

conclusion was that assessment of hormone levels may be a useful screening method for 

periodontitis, though limited to never-smokers. 
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Athina Chatzigianni et al (2009)
61 

evaluated the cervical vertebrae shape by 

geometric morphometrics to find the predictive power of vertebral shape on skeletal 

maturation. They concluded that the vertebral shape is strongly correlated to skeletal age 

but does not offer better predictive value than chronologic age. 

Tiziano Baccetti et al  (2009)
5
 evaluated the effect of timing in relation to 

skeletal maturity on the outcomes of Phase 1 non-extraction therapy of Class 2 

Malocclusion. 3 groups of patients before pubertal growth spurt, during pubertal growth 

spurt, after pubertal growth spurt were treated using head gear combined with fixed 

appliances and Class II elastics. 

Results showed that Class II treatment before or during the pubertal growth spurt 

induced favourable skeletal changes i.e., restriction of maxillary advancement in pre-

pubertal patients and enhancement of mandibular growth in pubertal patients in addition 

to the dento-alveolar changes. The greatest amount of dento-skeletal correction occurs in 

patients treated during the pubertal growth spurt. 

Ricky W. K. Wong et al (2009) 
62 

to evaluate the validity of the CVM, co-

related the hand-wrist and lateral cephalometric radiographs of 400 Chinese subjects. 

They noticed that all patients in cervical vertebral stage 3 of the CVM corresponded to 

stages MP3-FG or MP3-G (around the peak of the growth spurt) in the HWM and 

confirm CVM as a valid indicator of skeletal growth during the circumpubertal period, 

providing information for timing of growth modification. 

Daniel B. Gabriel et al (2009)
63

 say that in the CVM method shows 

methodological flaws that can lead to inflated levels of reproducibility. They do not 

recommend the CVM method as a strict clinical guideline for the timing of orthodontic 

treatment as their study showed moderate interobserver and intraobserver agreement. 
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Malgorzata Kuc-Michalska & Tiziano Baccetti (2010) 
64 

examined the pre-

treatment lateral cephalometric records of 218 skeletal Class I or Class III subjects and 

calculated the duration of pubertal peak from average chronological age intervals 

between stages CS 3 and CS 4 of the Cervical vertebral maturation and found that the 

pubertal growth spurt was longer in Class III subjects than in subjects with normal 

skeletal relationships. The greater increase in mandibular length in Class III subjects 

might be associated with the longer duration of the pubertal peak.  

Luci Mara Fachardo Jacqeira et al (2010)
65 

compared the three cervical 

vertebral evaluation methods : Hassel-Farman, Baccetti Et Al and Seedat-Forsberg and 

observed 95% agreement between the them. They suggest that the method proposed by 

Baccetti et al is the best followed by the Hassel-Farman method and the Seedat-Forsberg 

method.  

Piotr Fudalej and Annie Marrie-Bollen(2010)
66 

sought to assess the 

effectiveness of CVM method to predict circumpubertal craniofacial growth in the post 

peak period. Craniofacial growth was evaluated by measuring condylion to Gnathion, 

Condylion to Gonion, Gonion to Gnathion, Sella to Gnathion, Nasion to Menton, 

Anterior nasal spine to Menton and Sella to Gonion from the end of treatment to the end 

of follow-up for about ten years. They concluded that the CVM method was only 

modestly effective in detecting amount of post peak circumpubertal craniofacial growth. 

Ingrid Rozylo et al (2010) 
67

studied Polish children and compared dental age 

and cervical vertebral maturity and found a moderate but statistically significant 

correlation. The teeth showing highest correlation with CVM were the second premolars 

and canines in female and male subjects respectively. The central incisor demonstrated 

the poorest correlation in both genders.  



REVIEW OF LITERATURE 
 

[23] 
 

With these findings they confirmed that both dental and skeletal maturity should 

be assessed if the skeletal maturity of a growing child is to be relevant to clinical 

practice. The findings also indicate the usefulness of dental calcification stage as a 

simple first level diagnostic test for skeletal maturity 

Bhadrinath Srinivasan et al (2011)
21

 performed a cross-sectional study to 

evaluate serum levels of dehydroepiandrosterone sulphate, during the pre-pubertal, 

pubertal and adult stages of skeletal maturation based on the methods of Björk and Grave 

and Brown of assessing hand – wrist radiographs. The levels of the DHEAS of each 

individual were measured using quantitative enzyme- linked immunosorbent assay and 

correlated with the corresponding stages in their hand – wrist radiograph.  

This study was performed on 60 subjects (30 females and 30 males) aged from 7 

to 30 years. There was a gradual increase in the hormonal level with progressing skeletal 

age. The adult group showed the highest DHEAS level and the pre-pubertal group the 

lowest. Serum levels of DHEAS showed a constant increase from pre-puberty to 

adulthood, and at the same level of skeletal maturation, both females and males had 

similar hormone levels. They concluded that DHEAS is associated with growth during 

the pubertal growth spurt and can be a valuable tool in assessing skeletal maturation.  

Elizabeth C. Prom-Wormley et al (2011)
68

 conducted a study on Genetic and 

environmental effects on diurnal dehydroepiandrosterone sulfate concentrations in 

middle-aged men. Saliva was collected from 783 middle-aged men. Samples were taken 

at multiple specified time points across two non-consecutive days in the home and one 

day at the study sites. There was a consistent diurnal pattern for DHEAS concentrations 

in both at-home and day-of-testing (DOT) measures, which was the highest at awakening 

and decreased slightly throughout the day.  
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The significant heritability estimates later in the day reflect time-specific genetic 

effects for DHEAS, compared with prior twin and family designs studies which 

frequently used averaged morning-only measures. Additive genetic influences on 

DHEAS concentrations were consistent between at-home and DOT measures. 

Perinetti et al (2011)
69 

evaluated the diagnostic performance of dental maturity 

for identification of skeletal maturation phase using positive likelihood ratios (LHR). 

Dental maturity was assessed through the calcification stages from panoramic 

radiographs of the mandibular canine, first and second premolars and second molar. 

The results show that the developmental status of these teeth might only be useful 

in diagnosis of a pre-pubertal growth phase, reliable differential diagnosis between the 

two pre-pubertal stages, i.e., CS 1 and CS 2 is not possible. 

Trenton S. Nestman et al (2011) 
70 

identified that the weakness of the CVM 

method arises from difficulty in classifying the vertebral bodies of C3 and C4 as 

trapezoidal, rectangular horizontal, square or rectangular vertical. This was done by 

evaluation of the morphology of the cervical vertebrae C2 through C4 from 30 

cephalometric radiographs using questions to 10 practicing orthodontists trained in the 

CVM method. They conclude that the CVM method has an overall poor reproducibility 

and they do not support its use as a strict clinical guideline for the timing of orthodontic 

treatment. 

Maria Rita Giuca et al (2012) 
71 

compared skeletal maturation in obese patients 

and in subjects of normal weight. According to the carpal analysis obese subjects showed 

a high mean discrepancy between skeletal and chronologic ages compared with normal 

weight subjects. Obese subjects had a significantly higher cervical vertebral maturation 

score than normal weight subjects.  
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To account for the earlier growth in obese patients with skeletal discrepancies 

they proposed to perform earlier examinations and treatments than in normal weight 

subjects.  

Sushilkumar et al (2012) 
72

 investigated whether second molar calcification 

stages can be used as a reliable diagnostic tool to determine skeletal maturity. Panoramic 

radiographs and lateral cephalograms they used to estimate dental maturity with 

Demirjian index (DI) and skeletal maturity with Hassel-Farman method (CVMI).  

They found a highly significant association between DI and CVMI. DI stage E 

corresponded to stage 2 of CVMI (Pre-peak) and DI stages F & G corresponded to stages 

3 & 4 of CVMI (Peak) and DI stage H corresponded to stages 5 & 6 of CVMI (End of 

pubertal growth spurt).  

They found that the appearance of each CVMI stage was consistently earlier in 

female than in male however the DI stages were more advanced in male subjects as 

compared with female subjects in relation to CVMI stages. Thus they conclude that the 

mandibular second molar DI stages are a reliable indicator of skeletal maturity. 

Ramy Abdul Rahman Ishaq et al (2012)
20 

evaluated the applicability of insulin-

like growth factor I (IGF-I) blood level as a maturation indicator by correlating it to the 

cervical vertebral maturation index. A lateral cephalometric radiograph and a blood 

sample were taken from 120 subjects for assessing the cervical vertebral maturation and 

IGF-I serum level respectively. 

Results showed that the IGF-I mean value at each cervical vertebral maturation 

stage was statistically different from the mean values at the other stages. The highest 

mean values were observed in stage 4, followed by stage 5 in males and stage 3 in 

females. They concluded that the IGF-I serum level is a reliable maturation indicator that 

could be applied in orthodontic diagnosis. 
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Guiseppe Perinetti et al (2012) 
19 

evaluated the gingival crevicular fluid (GCF) 

protein content and alkaline phosphatise (ALP) activity and co-related it to stages of 

skeletal maturation. The total GCF protein content was similar between the different 

growth phases. On the contrary, the total ALP activity showed a peak for the pubertal 

growth phase.  

The normalized GCF- ALP activity was only poorly associated with growth 

phase. No differences were seen between the maxillary and mandibular sites, or between 

the sexes, for any GCF parameter. The results show that the total GCF protein content is 

not sensitive to the growth phase; however, GCFALP activity has potential as a 

diagnostic aid for identification of the pubertal growth phase in individual subjects when 

expressed as total, but not normalized values. 

Rodrigo Cesar Santiago et al (2012)
73

 conducted a systematic review of 23 

studies to evaluate the quantitative and qualitative accuracy and reproducibility of the 

CVM method. Analysis showed a moderate to high statistically significant correlation 

between the CVM and the hand-wrist maturation methods. There was a moderate to high 

reproducibility of the CVM method. They conclude that the assessment of skeletal 

maturation stages has serious methodological failures and better designed studies with 

adequate accuracy reproducibility and correlation analysis should be performed. 

A. Oskis et al (2012)
74

 examined differences in the diurnal patterns of cortisol 

and DHEA secretion in healthy adolescent girls. Fifty-six healthy females aged 10–18 

years provided saliva samples at 0 and 30 min (morning samples) and 12 hour post-

awakening on 2 consecutive weekdays. They found that unlike the cortisol pattern, 

characterised by a marked awakening response, a significant rise in DHEA concentration 

post-awakening was not evident. 
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Jennifer L.J. Heaney et al (2012)
75

 examined the relationship between ageing, 

physical function and the diurnal rhythms of cortisol and dehydroepiandrosterone 

(DHEA). Participants were 36 community dwelling older adults aged between 65 and 86 

years old. Salivary cortisol and DHEA were measured over the course of one day: 

immediately upon awakening, 30 min later, and then 3 hr, 6 hr, 9 hr and 12 hr post-

awakening. There were no interactions between function scores and sex for either 

cortisol or DHEA. Older participants exhibited lower DHEA levels. DHEA secretion 

appears to be most reduced in the morning period resulting in a flatter diurnal rhythm 

among the oldest old. 

Mary E. Saczawa et al (2013)
76

 examines the relationship between pubertal 

status and individual cortisol and DHEAS levels as well as with the cortisol/DHEAS 

ratio. Tanner staging of pubic hair growth was used to rate the pubertal status. Morning 

salivary cortisol and urinary DHEAS levels were obtained for 267 young adolescents at 

three time points, each approximately one year apart. They concluded that pubic hair 

development was a significant predictor of change over time in DHEAS but not cortisol. 

Iva A.E. Bicanic et al (2013)
77

 measured the salivary cortisol and 

dehydroepiandrosterone sulfate (DHEAS) in 52 female adolescent rape victims with 

post-traumatic stress disorders (PTSD) and 37 healthy adolescents at 0, 15, 30, 45 and 60 

min after awakening, both under basal conditions and after 0.5 mg dexamethasone 

administration. Compared to age-matched controls, adolescent rape victims with PTSD 

showed significantly reduced cortisol and DHEAS levels. No group differences for the 

effect of dexamethasone suppression were found. 
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Mohammed Zahid Hussain et al (2013)
78

 correlated serum PTHrP levels to the 

6 skeletal maturation stages. Peak serum PTHrP levels did not correlate with early 

pubertal stages characterized by maximum growth increments. They conclude that 

validity of using serum PTHrP levels as biomarkers in predicting peak growth velocity is 

questionable. 

Giuseppe Perinetti et al (2013) 
79

 performed a diagnostic performance 

assessment of combined canine and second molar maturity for identification of growth 

phase. The diagnostic performance of the dental maturity for identification of specific 

stages of skeletal maturity was found to be limited. The developmental status of the 

mandibular canine and the second molar was found to be useful only in the diagnosis of 

pre-pubertal and post-pubertal growth phases.  

The combination of the maturational stages of these two teeth provides a slightly 

improved diagnostic performance for the identification of pubertal growth phase but 

remains unsatisfactory. 

Kervin B. Mack et al (2013) 
80

 assessed the relationship between Body Mass 

Index (BMI) percentile and skeletal and dental maturation. Raw BMI scores were 

calculated by using height and weight data. The raw BMI score, age and sex were used 

to obtain the BMI percentile value for each subject with age and sex- specific growth 

charts. BMI percentile categories were designated: Less than Fifth BMI percentile – 

Underweight; Fifth to Eighty fifth percentile - normal weight; Eighty fifth to ninety fifth 

percentile – overweight and greater than the ninety fifth percentile – obese. Skeletal 

maturation was assessed by the CVM method and dental age with the Demirjian 

assessment method. The results showed advanced CVM stage and dental age in subjects 

with increased BMI percentiles. They propose consideration of weight status while 

evaluating growing children and adolescence. 
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Raphael Patcas et al (2013)
81 

compared the radiation doses of a lateral 

cephalogram radiograph with and without thyroid shield and a hand-wrist radiograph. 

Thermoluminescent dosimeters were placed at 19 different sites in head and neck of a 

tissue-equivalent human skull. The effective doses were calculated using 2007 

International Commission on Radiological Protection recommendations. The effective 

dose for conventional lateral cephalogram without a thyroid shield was 5.03 

microsieverts (μSv), with a thyroid shield was 3.30 μSv and that of a conventional hand-

wrist radiograph was 0.16 μSv.  

This study demonstrates that, based on the overriding ALARA (As Low As 

Reasonably Achievable) principle, the assessment of skeletal maturation of cervical 

vertebrae on a lateral cephalogram is to be questioned and the use of a thyroid shield is 

strongly to be advocated. If an evaluation of skeletal age is necessary, an additional 

hand-wrist radiograph seems much more justifiable than removing thyroid shield, which 

would cause highly vulnerable thyroid tissue to be exposed to direct radiation. 

Nayak et al (2014)
82 

investigated the relationship between salivary IGF-I and 

cervical vertebral maturation. The Salivary IGF-I levels and salivary secretion rates were 

lowest at QCVM skeletal stages previously associated with acceleration phase of 

mandibular growth. Highest levels were found at high velocity stage. After this there was 

gradual drop in salivary IGF-I levels and secretion rate at deceleration and completing 

velocity stages. Relatively high levels in decelerating velocity stage may be an indication 

of residual skeletal growth. There was a negative correlation between patient age and 

levels of IGF-I and its secretion rate, once growth velocity decreased. Results show that 

Salivary IGF-I levels or its secretion rate can be used as an indicator of skeletal growth. 
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Shahla Momei et al (2014) 
83 

re-assessed the agreement between CVM and 

HWM in patients with short stature. They studied 76 persons with familiar short stature 

and 102 persons with non-familiar short stature. Based on the findings of this study they 

concluded that CVM can be a reliable method of determining skeletal maturation in 

patients with short stature. The reliability was greater for girls in the familial short stature 

group and for boys in the non-familial short stature group. 

Vandewalle S et al (2014)
84

 studied the association of adrenaline derived 

steroids with skeletal maturation, areal and volumetric bone mineral density (aBMDand 

vBMD) and bone geometry in healthy prepubertal and early pubertal boys. Ninety-eight 

healthy male children and adolescents were divided into 65 prepubertal (Tanner genital 

stage 1) and 33 early pubertal ( Tanner genital stage 2). DHEAS was determined by 

immunoassay. Whole body and lumbar spine aBMD and bone area were determined by 

dual-energy X-ray absorptiometry. 

 Trabecular (distal site) and cortical (proximal site) vBMD and bone geometry 

were assessed using peripheral QCT. Skeletal age was determined by X-ray of the left 

hand. Results showed that the DHEAS is positively associated with bone age in 

prepubertal and early pubertal children, independently of age. There are no associations 

between the adrenal-derived steroids and the studied parameters of bone size or BMD. 

Tue Soeborg et al (2014)
85

 evaluated the influence of sex, age, pubertal 

development and oral contraceptives on dehydroepiandrosterone (DHEA), DHEA sulfate 

(DHEAS) and few other steroids. 1798 serum samples from healthy volunteers were 

analysed. Pubertal development was assessed according to the method of Marshall and 

Tanner breast, pubic hair and genital staging.  
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Their findings indicated a higher concentration of DHEA and DHEAS in males 

than in females at any given age whereas the DHEA/DHEAS ratio was higher in females 

than in males. They also found that all steroid metabolite concentrations were positively 

associated with age and pubertal development in both sexes and generally higher in 

males than in females except for Adione and that the use of oral contraceptives 

significantly lowered serum concentrations of all steroid metabolites. 
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Materials used in the study 

1.  Mouth mirror, Periodontal probe, Tweezer 

2.  X- Ray machine ( Sirona Orthophos XG5) 

3.  X-Ray film ( Konica Minolta) 

4.  X-Ray Viewer 

5.  50 ml sterile plastic vials (labelled) 

6.  Transporting thermo-sealed ice box 

7.  Coolant gel packs and Dry ice 

8.  - 4° C Domestic freezer 

9.  -20°C Lab Freezer 

10.  Micro – centrifuge ( Remi CPR 24 plus) 

11.  Centrifuge vials 

12.  Precision pipettes and disposable pipette tips 

13. Vortex mixer ( IKA vortex Genius 3 ) 

14.  Deionized water 

15.  Beaker 

16.  Absorbent paper 

17.  Salivary DHEA assay kit (Salimetrics) 

18.  Immunoassay analyzer (Spectrostar Nano microplate reader) 

19.  Canon EOS 600D camera   
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Approval 

Approval for the study was obtained from the Ethical Committee of Sri 

Ramakrishna Dental College and Hospital, Coimbatore. 

Sample Size Calculation 

A power analysis estimated the sample size to be 66 to detect meaningful 

differences between the groups at a power of 80% and significance of 0.05.  

Sample Size 

Sample for the study comprises of 66 subjects of both sexes with an age 

distribution between 9 and 18 years segregated into 3 groups of 22 each. 

Sample Selection 

Subjects were selected according to the following inclusion and exclusion criteria. 

Inclusion criteria
 

 Age Range: 9- 18 yrs  

 Good general health  

 Good oral hygiene  

 Full mouth bleeding score ≤ 25% ( according to Perinetti et al 
19

 ) 

Exclusion criteria  

 Subjects with systemic diseases 

  Subjects under any medication 

 Gingivitis and Periodontitis 

 Oral ulcers  

 Subjects with mobile deciduous teeth  

 Subjects with deciduous tooth exfoliated within 2 days 
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Methodology 

The subjects and their parents were informed about the procedures that would be 

undertaken in the study and a signed consent form was obtained from them.    (Annexure 

I). Oral screening of the subjects was performed during the first clinical examination 

using a mouth mirror, periodontal probe (Figure 4) and the gingival bleeding index was 

noted in the examination form. (Annexure II)  

Lateral cephalograms of the selected subjects were taken in natural head position 

(Figure 5) with the cephalostat in the Sirona Orthophos XG5( Sirona, Munich, Germany) 

X-ray machine at 73kV, 15 mA and an exposure time of 9.4 seconds using medical film 

(Konica Minolta).  

The X- rays were mounted on the X-Ray viewer (Figure 6) and visual assessment 

of the skeletal maturity was performed with the Cervical Vertebral Maturation method 

given by Bacetti and Franchi 
14

. The Cervical Vertebral maturation method
14

 

constitutes of analysis of the morphology of the bodies of the second (C2- the odontoid 

process), third (C3) and the fourth (C4) cervical vertebrae. The two factors studied 

include 

 1. Presence or absence of a concavity at the lower border of the body of C2, C3, 

and C4; and 

2. Shape of the body of C3 and C4.  

Based on these parameters the cervical vertebral maturation stages are distinguished as 

the following six stages. CS1, CS2, CS3, CS4, CS5 and CS6. (Figure 7) 

Stages CS1, CS2, stages CS3, CS4 and Stages CS5, CS6 are considered as pre-

pubertal, pubertal and post-pubertal stages respectively
19,56

. 
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The subjects belonging to each of the 6 stages were segregated and then clustered 

into 3 groups of 22 subjects each with each group representing one of the 3 growth 

phases – Group 1 : Pre-pubertal group – Subjects belonging to CS1, CS2 

  Group 2 : Pubertal group – Subjects belonging to CS3, CS4 

  Group 3 : Post-pubertal group –Subjects belonging to CS5, CS6 

  Each of the groups had a uniform distribution of 11 males and 11 females to 

eliminate gender bias. 

Saliva Collection Procedure 

Saliva was collected in labelled plastic vials at a standard time of 10 am in order 

to exclude the diurnal variation in the salivary DHEA levels as shown by Robert L. 

Matchock et al.
48 

(Figure 8)
 
The following instructions were given to the subjects before 

collection of the saliva sample. 

Instructions to the patients
86

:
 

1. Refrain from eating and drinking with the exception of water within 60 min 

prior to collection 

2. Rinse mouth with water to remove food residue 

3. Swallow to increase hydration 

4. Wait for 10 min after rinsing to avoid dilution of the sample 

5. Allow saliva to pool in the mouth (thinking about favourite food might help) 

6. Drool passively into the plastic vial up to the 1mm mark (Saliva might foam 

so the level of saliva has to reach the mark not the foam) 

Storage 

The samples were refrigerated at -4°C immediately after collection (within 30 

min) in domestic refrigerator and freezed at or below -20°C within 4 hours of collection 

as given by Kristin M.Voegtline et al
87

 in the lab freezer.
 
This was done in order to 
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avoid bacterial growth in the specimen. Transfer from the domestic freezer to the 

laboratory was done in insulated ice box packed with dry ice (Figure 9). 

Assay 

  On day of assay, the saliva samples were thawed completely by holding at room 

temperature for 30 min (Figure 10). Then they were vortexed for 10 sec at speed 4 in 

IKA vortex Genius 3 (Figure 14) to disperse the salivary components (Figure 17). 1 ml 

of each sample was micropipetted (Figure 18) with fixed volume micropipette into 

numbered 1.5 ml capacity centrifuge vials (Figure 2). Centrifuging at 3000 rpm for 15 

minutes at 1500g relative centrifugal force (RCF) performed in Remi CPR 24 plus 

refrigerated centrifuge (Figure 19) provided a clear supernatant. This removes mucins 

and other particulate matter which may interfere with antibody binding and thereby 

affecting the results.  

Saliva samples were refreezed as soon as possible after adding to the assay plate 

and re-centrifuged each time they are thawed. Multiple freeze-thaw cycles were 

avoided
86

. 

Reagent preparation 

All the reagents in the Salimetrics DHEA Immuno Assay kit (Figure11 and 12) 

were brought to room temperature .The microtitre plate (Figure 13) was also brought to 

room temperature with the foil pouch sealed.  

Wash buffer 1x was prepared by diluting Wash Buffer Concentrate (10X) 10-fold 

with room-temperature deionized water (100 mL of Wash Buffer Concentrate (10X) to 

900 mL of deionized H2O). 
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Preparation of serial dilutions of the DHEA Standard :  

 Five polypropylene microcentrifuge tubes were labelled S2 through S6.  

 150 μL of assay diluent was pipetted into tubes S2 through S6.  

 Serially dilution of the standard 2.5X was done by adding 100 μL of the 1000 

pg/mL standard (tube 1) to tube S2 and mixed well.  

 After changing pipette tips, 100 μL was pipetted from tube S2 to tube S3 and 

mixed well. 

 The procedure was continued for tubes S4, S5, and S6.  

 

 

 Figure 24: Serial dilution method 

 

The final concentrations of standards for tubes S1 through S6 are 1000 pg/mL, 

400 pg/mL, 160 pg/mL, 64 pg/mL, 25.6 pg/mL, and 10.2 pg/mL respectively. Standard 

concentrations in nmol/L are 3.47, 1.39, 0.55, 0.22, 0.09, and 0.03, respectively.  
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Assay Procedure  

The plate layout was determined as below.  

Figure 25: Plate layout 

 

The micro-titre plate was taken out of the foil pouch. The desired number of 

strips was placed in the strip holder (Figure 13). The remaining strips were broken apart 

and placed back in the foil pouch. The foil pouch with unused wells and desiccant was 

resealed and stored at 2-8°C. 

Step 1 : 18 mL of assay diluent  was pipetted using the micropipette into the disposable 

tube  

Step 2 : 50 μL of standards, controls, and saliva samples were pipetted into appropriate 

wells. (Figure 22) 

Step 3 : 50 μL of assay diluents was also pipetted into 2 wells to serve as the zero. 

Step 4 : 50 μL of assay diluents was pipetted into each NSB well.  

Step 5 : The enzyme conjugate was diluted 1:1500 by adding 12 μL of the conjugate to 

the 18 mL tube of assay diluent.  The diluted conjugate solution was immediately mixed 

and 150 μL was added to each well using a micropipette.  

 1 2 3 4 5 6 7 8 9 10 11 

A 1000Std  1000Std  Smp-1 Smp-9 Smp-17 Smp-25 Smp-33 Smp-41 Smp-49 Smp-57 Smp-65 

B 400 Std  400 Std  Smp-2 Smp-10 Smp-18 Smp-26 Smp-34 Smp-42 Smp-50 Smp-58 Smp-66 

C 160 Std  160 Std  Smp-3 Smp-11 Smp-19 Smp-27 Smp-35 Smp-43 Smp-51 Smp-59  

D 64 Std  64 Std  Smp-4 Smp-12 Smp-20 Smp-28 Smp-36 Smp-44 Smp-52 Smp-60  

E 25.6 Std  25.6 Std  Smp-5 Smp-13 Smp-21 Smp-29 Smp-37 Smp-45 Smp-53 Smp-61 Ctrl-H 

F 10.2 Std  10.2 Std  Smp-6 Smp-14 Smp-22 Smp-30 Smp-38 Smp-46 Smp-54 Smp-62 Ctrl-H 

G Zero  Zero  Smp-7 Smp-15 Smp-23 Smp-31 Smp-39 Smp-47 Smp-55 Smp-63  

H Ctrl-L Ctrl-L Smp-8 Smp-16 Smp-24 Smp-32 Smp-40 Smp-48 Smp-56 Smp-64  
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Step 6 : The adhesive cover provided was placed over the plate. The plate was placed on 

a plate reader and shaken for 5 minutes and incubated at room temperature for a total of 

3 hours.  

Step 7 : After 3 hours the plate was washed 4 times with 1X wash buffer by pipetting 

300 μL of wash buffer into each well and then discarding the liquid over a sink. After 

each wash, the plate was thoroughly blotted on paper towels before turning upright.  

Step 8 : 200 μL of TMB Substrate Solution was added to each well with a micropipette. 

(Figure 22)  

Step 9 : The plate was placed in the plate reader and shaken for 5 minutes  and incubated  

in the dark (covered) at room temperature for an additional 25 minutes.  50 μL of Stop 

Solution was added with a micropipette. All the wells turned yellow (Figure 23).  

Step 10 : The bottom of plate was wiped with a water-moistened paper towel and wiped 

dry. The plate was read in a Spectrostar Nano microplate reader, (B.M.G.Labtech 

GmbH, Germany) at 450 nm within 10 minutes of adding Stop Solution.(Figure 20) 

Calculations 

1. The average optical density (OD) was computed for all the duplicate wells 

2. The percent bound (B/Bo) for each standard, control, and saliva sample by dividing 

the OD of each well (B) by the average OD for the zero (Bo) was calculated.  

3. 4-parameter non-linear regression curve fit was done to obtain a standard curve. 

4. The concentrations of the controls and saliva samples were determined by 

interpolation using data reduction software. 
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SRI RAMAKRISHNA DENTAL COLLEGE AND HOSPITAL 

COIMBATORE-641006 

 

DEPARTMENT OF ORTHODONTICS AND DENTOFACIAL ORTHOPAEDICS 

 

 

I     Age  Male/Female have been 

explained about my participation in a research work on “ Evaluation 

and co-relation of salivary dehydro-epiandrosterone (DHEA) levels 

with pre-pubertal, pubertal, and post-pubertal stages of cervical 

vertebral maturation”. I have also been detailed about the saliva 

collection and cephalogram and that it would not cause any harmful 

effects. Clear explanation was given regarding my doubts. So I fully 

accept to be a part of her study.  

 

Child participant name    Signature with date 

 

Parent/Guardian’s name             Signature with date 
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SRI RAMAKRISHNA DENTAL COLLEGE AND HOSPITAL 

COIMBATORE-641006 

    DEPARTMENT OF ORTHODONTICS AND DENTOFACIAL ORTHOPAEDICS 

Name    : 

Age    : 

Sex    : Male / Female 

History 

H/O Systemic diseases    : Yes / No 

H/O Medication            : Yes / No 

H/O Trauma             : Yes / No 

Clinical Examination 

                                  

       

    No. of bleeding sites  : 

   Bleeding Score           : 

  Radiographic Examination 

CVMI Stage   :  
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SALIVARY DHEA LEVELS 

Sample No DHEA level (pg/ml)  Sample No DHEA Level (pg/ml) 

1. 12.969 34. 81.368 

2. 0.053 35. 56.509 

3. 13.453 36. 68.374 

4. 18.109 37. 30.144 

5. 
5.779 

38. 
16.405 

6. 17.732 39. 47.985 

7. 4.245 40. 38.959 

8. 3.412 41. 58.991 

9. 0.126 42. 15.623 

10. 3.366 43. 34.701 

11. 
6.156 

44. 
17.012 

12. 0.01 45. 117.53 

13. 38.078 46. 82.788 

14. 21.205 47. 41.763 

15. 46.401 48. 40.602 

16. 8.621 49. 59.468 

17. 
22.724 

50. 
55.123 

18. 32.986 51. 57.623 

19. 36.755 52. 94.911 

20. 4.553 53. 104.937 

21. 5.344 54. 65.725 

22. 34.5 55. 88.849 

23. 69.129 56. 73.684 

24. 29.782 57. 104.972 

25. 36.548 58. 96.842 

26. 42.129 59. 47.82 

27. 
37.345 

60. 90.35 

28. 50.589 61. 99.473 

29. 19.75 62. 58.439 

30. 37.833 63. 73.795 

31. 11.434 64, 89.133 

32. 47.752 65. 177.634 

33. 
21.489 

66. 70.659 
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Figure 1 : Diagnostic instruments 

 
Figure 2 :   Sterile plastic vial , Centrifuge tube 

 
Figure 3 : Precision pipettes and disposable pipette tips 
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Figure 4 : Clinical Examination 

 
Figure 5 : Lateral Cephalograph in Natural Head Position 

 
Figure 6 : X- Ray viewer 
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Figure 7;  Cervical vertebral maturation stages 
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Figure 8 : Saliva Collection 

 
Figure 9 : Thermo-sealed ice box  with dry ice 

 
Figure 10 : Saliva vials thawing 
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Figure 11 : Salimetrics DHEA assay kit 

 
Figure 12 : Reagents 

 
Figure 13 :  Microplate 
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Figure 14 :Vortex mixer ( IKA vortex Genius 3 ) 

 
Figure 15 : Micro – centrifuge ( Remi CPR 24 plus) 

 
Figure 16 : Spectrostar Nano microplate reader 
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Figure 17 : Vortexing    Figure 18 : Pipetting 

 
Figure 19  : Centrifuging 

 

 
Figure 20 : Immunassay 
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Figure 21 : Wells with saliva samples 

 
Figure 22 :  Wells on addition of Substrate Solution 

 
Figure 23 : Wells on addition of stop solution 
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 A total of 66 subjects were divided into three groups of 22 subjects in each of the 

pre-pubertal, pubertal and post-pubertal groups.  

 

  Figure – 27. Age and Gender distribution in the groups 

 

Among 22 subjects in each group, 11 were males and 11 were females. Figure – 

27 shows the demographic distribution of age and gender in all the three groups.  

 The mean age of the boys in the pre-pubertal group was 10.54 ± 0.58 years and 

girls 9.35 ± 0.3 years. The mean age of boys in the pubertal group was 13.53 ± 0.37 

years and girls 12.03 ± 0.48 years. The mean age of boys in post – pubertal group was 

15.30 ± 0.46 years and girls 13.69 ± 0.60 years.  

All the subjects were evaluated by the following procedures. 

1. Based on lateral cephalogram, subjects were categorized into three groups 

2. Saliva samples from each patient was subjected to DHEA immune assay  
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The raw data of our study is enclosed [Annexure-III] 

The distribution of the hormone levels in the pre-pubertal, pubertal, and post pubertal 

groups is shown in Figures as scatter diagrams. 

       

Figure 28: Pre-pubertal DHEA levels 

 

Figure 29 Pubertal DHEA levels 

             

Figure 30 : Post-pubertal DHEA levels 
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The results obtained were analysed using the following statistical tests. 

1. Analysis of Variance (ANOVA) 

2.  Tukey Honestly significant difference (Tukey HSD) 

3. T- test 

  The mean DHEAS values in each group were 15.30 pg/ml (prepubertal), 39.54 

pg/ml (pubertal) and 81.46 pg/ml (post pubertal). The standard deviations for each of the 

groups were 14.27, 19.19 and 25.37 respectively.  

 

Analysis of Variance (ANOVA) 

Table 1:  Results of ANOVA   

 *P < 0.05 is statistically significant 

 

Table 1 shows the result of the analysis of variance to test the significance in salivary 

dehydroepiandrosterone (DHEA) levels among the pre-pubertal, pubertal and post-

pubertal groups. 

 

There was a highly significant difference ( P < 0.001) in the means of hormone levels 

between the groups.  

 

 

 

 

 

Groups Mean Standard Deviation P Value 

Pre-pubertal 15.30 14.27  

Pubertal 39.54 19.19 0.000* 

Post- Pubertal 81.46 25.37  
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 Multiple Comparisons - Tukey HSD 

Table 2 : Results of Tukey HSD 

 

 

Table 2 shows the Tukey HSD test values of multiple comparisons with the 

dependent variable as the DHEA level.  The test shows that comparison between pre-

pubertal and post - pubertal,  pubertal and post-pubertal as well as pre- pubertal and 

pubertal levels were statistically significant. 

 T test   

 

         

Figure 31: Mean value of DHEA levels in all three groups 
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Tukey HSD          

(I) Group (J) Group Mean Difference (I-J) Std. Error      P value 

Prepuberty Puberty -24.2397 6.06988 0.001* 

  Post puberty -66.1623 6.06988 0.000* 

Puberty Prepuberty 24.2397 6.06988 0.001* 

  Post puberty -41.9225 6.06988 0.000* 

Post puberty Prepuberty 66.1623 6.06988 0.000* 

  Puberty 41.9225 6.06988 0.000* 

                    *The mean difference is significant at the 0.05 level.                 
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Figure 31 shows the mean values of the DHEA levels of boys and girls in the pre-

pubertal, pubertal and post-pubertal groups. The mean DHEAS in pre - pubertal group: 

boys 22.83 ± 16.08 pg/ml; girls7.76 ± 6.64 pg/ml, pubertal group: boys 42.37 ± 22.26 

pg/ml; girls 36.71 ± 16.13 pg/ml, and post-pubertal group: boys 89.35 ± 23.47 pg/ml; 

girls 73.57 ± 25.78 pg/ml. 

 Table 3: Results of T test 

 

 

 

 

 

 

 

Table 3 shows the results of independent samples t- test, comparison between the 

DHEA levels of boys and girls in the pre-pubertal, pubertal and post-pubertal 

groups.There was no significant difference in hormone levels between males and females 

in pubertal and post-pubertal groups but a statistically significant difference in the pre-

pubertal stage. 

Table 4: Lower and and Upper bound values at a 95% confidence interval  

Group 

  Mean 

Std. 

Deviation Mean ± SD P value 

          

Prepuberty Boys 22.83 16.08 22.83 ± 16.08 0.009 

 

Girls 7.76 6.64 7.76 ± 6.64 

 Puberty Boys 42.37 22.26 42.37 ± 22.26 0.502 

 

Girls 36.71 16.13 36.71 ± 16.13 

 Post puberty Boys 89.35 23.47 89.35 ± 23.47 0.149 

  Girls 73.57 25.78 73.57 ± 25.78   

 Gender 

  Boys Girls 

  Group Group 

 95% Confidence 
Interval for Mean 

Pre 
puberty Puberty 

Post 
puberty 

Pre 
puberty Puberty 

Post 
puberty 

                                            
Mean 

22.8343 42.3701 89.3480 7.7636 36.7073 73.5745 

  
Lower Bound 
 

12.0300 27.4123 73.5821 3.3032 25.8689 56.2582 

  Upper Bound 
33.6386 57.3279 105.1139 12.2241 47.5457 90.8907 
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Statistical analysis between the independent variables gives the lower and upper 

bound levels for boys and girls at the three stages of maturations. The salivary DHEA 

levels fall between 3.3 pg/ml and 12.22 pg/ml for pre-pubertal girls, 12.03 pg/ml and 

33.63 pg/ml for pre-pubertal boys. The salivary DHEA levels of pubertal girls were 

between 25.86 pg/ml and 47.54 pg/ ml, pubertal boys were between 27.41 pg/ml and 

57.32 pg/ml. The salivary DHEA levels of post-pubertal girls had a lower limit of 56.25 

pg/ml and upper limit of 90.89 pg/ml and boys ranged from73.58 pg/ml to 105.11 pg/ml. 
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The patient’s skeletal maturation level is critical to better exploit the growth 

potential by using functional appliances in Dentofacial orthopaedics. A vast number of 

studies show that the rate of cranio-facial growth is co-related to skeletal 

maturation
66,88,89,52,90

. Chronologic age is not a valid indicator of the maturational status 

of an individual 
7,11,55

. Therefore a wide variety of skeletal maturity indicators have been 

used in the past few decades with varying rates of success of which the most commonly 

used include cervical vertebral maturation and hand-wrist radiographs. Co-relation 

between cervical vertebral maturation and hand wrist radiographs were noted to be high 

enough to use either of these methods for research purposes 
42,43,55

.  

The Cervical Vertebral maturation method
15

 by McNamara, Bacetti and 

Franchi constitutes of the morphological analysis of the bodies of the second (C2- the 

odontoid process), third (C3) and the fourth (C4) cervical vertebrae. The two factors 

studied include                                                                                                          

  1. Presence or absence of concavity at lower border of the body of C2, C3 & C4                                                                                                        

2. Shape of the body of C3 and C4.  

Four basic shapes are considered: 

1. Trapezoid (the superior border is tapered from posterior to anterior); 

2. Rectangular horizontal (the heights of the posterior and anterior borders are 

equal; the superior and inferior borders are longer than the anterior and 

posterior borders); 

3. Squared (the posterior, superior, anterior, and inferior borders are equal); and 

4. Rectangular vertical (the posterior and anterior borders are longer than the 

superior and inferior borders). 
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Based on these parameters the cervical vertebral maturation stages are 

distinguished as the following six stages. 

Cervical stage 1 (CS1) : The lower borders of all the three vertebrae (C2-C4) are flat. 

The bodies of both C3 and C4 are trapezoid in shape (the superior border of the vertebral 

body is tapered from posterior to anterior).  

Cervical stage 2 (CS2) : A concavity is present at the lower border of C2. The bodies of 

both C3 and C4 are still trapezoid in shape.  

Cervical stage 3 (CS3) : Concavities at the lower borders of both C2 and C3 are present. 

The bodies of C3 and C4 may be either trapezoid or rectangular horizontal in shape. 

Cervical stage 4 (CS4) : Concavities at the lower borders of C2, C3, and C4  are now 

present. The bodies of both C3 and C4 are rectangular horizontal in shape.  

Cervical stage 5 (CS5) : The concavities at the lower borders of C2, C3, and C4 still are 

present. At least one of the bodies of C3 and C4 is squared in shape. If not squared, the 

body of the other cervical vertebra still is rectangular horizontal. 

Cervical stage 6 (CS6) : The concavities at the lower borders of C2, C3, and C4 still are 

evident. At least one of the bodies of C3 and C4 is rectangular vertical in shape. If not 

rectangular vertical, the body of the other cervical vertebra is squared. 

The Cervical Vertebral Maturation (CVM) method by McNamara, Bacetti and 

Franchi
15 

was noted to be effective in assessing the skeletal maturation. However, newer 

possibilities are being explored in the form of biological markers, which can act as an aid 

as well as avoid unnecessary radiation exposure to growing patients. 
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The biomarkers that were examined to be used as growth indicators include 

alkaline phosphatase (ALP)
19

, Insulin like growth factor (IGF)
20

, 

Dehydroepiandrosterone sulphate (DHEAS)
13,14

, Parathyroid hormone related protein 

(PTHrP)
12

 of which all showed promise except PTHrP. Of all, ALP was studied in 

Gingival Crevicular Fluid (GCF) which involves technique sensitive collection 

procedure whereas as IGF, DHEAS, PTHrP were studied in saliva and serum, in which 

the serum analysis involves an invasive veni puncture. 

Usage of saliva has distinct advantages over serum
15

. Sampling Saliva represents 

a less invasive method enabling collection in children less traumatic than a venipuncture. 

The procedure can also be performed in circumstances in which blood or urine sampling 

is not viable. Human saliva unless visibly contaminated with blood, is not considered a 

class II biohazard (Center for Disease Control) affording researchers administrative and 

safety benefits
15

. 

Dehydroepiandrosterone (DHEA) and its sulphoconjugated derivative 

Dehydroepiandrosterone sulphate (DHEAS) are steroids secreted by the zona reticularis 

of the adrenal cortex. During gestation large amounts of these hormones are secreted by 

the fetal adrenal glands. Output drops to negligible amounts at birth and remains at low 

levels until 5-7 years of age. At the onset of adrenarche, Adrenocorticotrophic hormone 

(ACTH) from the anterior pituitary gland stimulates the adrenal cortex to secrete DHEA 

and DHEAS. The steroid level reaches its peak at the age of 20-30 years. 

DHEA(S) is an androgen associated with growth in midchildhood, pubertal 

growth spurt, and possibly skeletal maturation. Studies by Clare Netherton et al
39

, 

Robert Matchock et al
48

 and Wayne Meikle et al
46

 have observed the relation of 

DHEA and DHEAS with pubertal development.   
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Bhadrinath Srinivasan et al
21

 have shown that serum DHEAS highly co-relates 

with hand-wrist radiographs and has confirmed its usefulness as a possible indicator of 

skeletal maturation.  

The mode of entry of DHEA and DHEAS into saliva varies. DHEAS is a charged 

molecule due to the presence of the sulphate group and cannot diffuse through the lipid 

membranes
27

. So they enter into saliva via “ultrafiltration” through the tight junctions 

between the acinar cells. Due to the mode of entry, these molecules are not able to keep 

up when salivary flow is increased. Therefore its concentration decreases as flow rate 

increases.  

Dehydroepiandrosterone (DHEA) which is the unsulfated version of DHEAS is a 

lipid-soluble unconjugated steriod, enters saliva predominantly via an intracellular route. 
 

Thus the concentration of DHEA in saliva is not dependent on salivary flow rate and 

accurately represents the unbound, biologically active fraction in the general circulation. 

 Whereas relatively small amounts of DHEAS in saliva was noted by Vining et 

al
27

due to the larger size of the molecule. They also noted false elevated levels of 

DHEAS due to the presence of minute quantities of blood in the saliva samples.  

The nonlinear nature of relationship between blood contamination and salivary 

hormone levels was proposed by Schwartz and Granger
49

. The level of contamination 

has to reach a threshold only after which DHEA levels increase.  Considering these facts 

DHEA was preferred over DHEAS in our study. 

Therefore the aim of our study was to establish the feasibility of salivary 

DHEA levels as a biomarker in assessing the circumpubertal growth period. 
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The diurnal rhythm of salivary DHEA levels have been demonstrated in various 

studies.
37,47,48 

 F. Hucklebridge et al
37

 have studied the secretory pattern of DHEA at 3 

hour intervals over 12 hours following awakening. Salivary DHEA fell from high 

awakening values to considerably lower values 3 hours later with no significant change 

thereafter. 

 

 

 

 

 

 

 

Figure 32: Secretory pattern of DHEA 

Therefore in order to overcome the diurnal variations between the subjects due to 

different awakening time periods, the time of salivary sample collection was 

standardized to10 am.  

Katie Kavligian et al
4
 established that group average measurements of salivary 

DHEA were largely unaffected by microinjury. However they propose screening for 

events in the recent history of the subjects that could cause blood leakage into saliva in 

conditions like oral health, teething, shedding teeth, open sores, and injury.  They also 

recommend avoiding sampling saliva within 45 minutes of microinjury to the oral 

mucosa to reduce introduction of unsystematic variance in the levels of the hormone. So 

the subjects were questioned as well as subjected to intra oral examination before 

collection of the sample. 
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In our study, there is a progressive rise in salivary DHEA concentration as 

skeletal maturation progressed from CVMI stages 1 and 2, CVMI stages 3 and 4 

reaching the highest value at CVMI stages 5 and 6 value. The results of our study show 

that salivary levels of DHEA for the pre-pubertal,pubertal and post-pubertal groups are 

statistically significant.  

The results of our study are in agreement with the study by Clare Netherton et 

al
39

. They compared the salivary DHEA levels of subjects and their pubertal status based 

on Tanner staging and noted higher mean levels in mid-post pubertal boys and girls than 

in pre-early pubertal boy and girls. This is also in accordance with the study by 

R.L.Matchock et al
48

 in which the salivary DHEA levels were co-related with the 

Tanner pubertal stages. They also noted lower DHEA levels at Tanner pubertal stage 1 

than Tanner pubertal stage 3 and 4 for both boys and girls. 

Salivary DHEA follows a similar pattern to that of serum DHEAS secretion with 

skeletal maturation. This is demonstrated by the similar results in the study by 

Bhadrinath Srinivasan et al
21

 in which the serum DHEAS was co-related to hand-wrist 

stages. Their results also showed that low levels of DHEAS were present in the pre-

pubertal group with increased values in the pubertal group and the highest levels in the 

adult group, showing a gradual increase as maturation progresses. 

There was no significant difference in the mean hormone values between males 

and females in the pubertal and post-pubertal groups demonstrating that there was no 

gender difference in the hormone values at these stages of skeletal maturation. This is in 

accordance with the study by R.L.Matchock et al
48

 who also noted no gender 

differences or an interaction between sex and pubertal stage.  
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There was a mildly significant difference between mean hormonal values of girls 

and boys in the pre-pubertal group. DHEA values for various chronologic ages were 

presented by D.A. Granger et al
30

 who also showed difference in DHEA levels between 

boys and girls at any given chronologic age. In our study the mean age of boys in each of 

the three groups was greater than the mean age of girls which apparently reflects the 

earlier maturation of girls than that of boys.  

In comparison with the previous study it can be suggested that the DHEA levels 

co-relate better to skeletal maturational stages than to chronologic age of an individual 

between males and females. 

The salivary DHEA levels obtained in this study are slightly lower than the 

standard values given by D.A. Granger et al
30

. The difference in values might be due to 

the racial and ethnic variation in the samples of the studies. 

As hormones play a primary role in the initiation of puberty, it would be more 

appropriate to measure their levels rather than study the effects of these hormones i.e. 

puberty. DHEA and DHEAS are considered as the markers of adrenarche. They also play 

a role in bone metabolism. The evaluation of hormones can be repeated without the 

disadvantages of radiation exposure and can be utilized to assess and predict skeletal 

maturation.  

Even though the measurement of salivary DHEA levels is affected by a large 

number of factors including biological, environmental and behavioural processes, it is 

now feasible to incorporate salivary DHEA measurements into routine use as long as the 

protocol from collection to assay procedures are followed stringently as recommended. 

The major setbacks in using it in routine clinical practice are the high cost involved and 

the cumbersome laboratory procedures associated with the assay procedures which are 

time consuming. 
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This study was conducted to evaluate the co-relation between salivary 

dehydroepiandrosterone levels and cervical vertebral maturation. 

Twenty two subjects of each of the pre-pubertal, pubertal and post pubertal 

groups were selected utilizing the cervical vertebral maturation method. In each group 

there were equal number of males and females. The salivary dehydroepiandrosterone 

levels of these sixty six subjects were obtained through assay procedure. The co-relation 

between the various stages and salivary dehydroepiandrosterone (DHEA) levels were 

analysed. 

The results of our study show that: 

1. The difference in the mean salivary levels of dehydroepiandrosterone (DHEA) 

in the pre-pubertal, pubertal and post-pubertal stages were statistically significant. 

2. Within pubertal and post-pubertal groups there was no significant difference in 

the mean hormone values between girls and boys whereas in the pre-pubertal group there 

was a mild difference in the mean hormonal values.  

3. The salivary dehydroepiandrosterone (DHEA) levels of subjects in the pubertal 

group ranges from 25 pg/ml to 57 pg/ml with values less than 25 pg/ml in the pre-

pubertal stages and values greater than 57 pg/ml in the post-pubertal stages of maturation 

at a 95% confidence interval of mean. 

In conclusion the correlation of the salivary dehydroepiandrosterone (DHEA) 

levels with the cervical maturational stages shows that the salivary DHEA can be useful 

as a possible indicator of skeletal maturation to aid in the assessment of pubertal status.  

 Salivary DHEA levels for the various stages were identified as : 

Values less than 25 pg/ml - pre-pubertal stage  

Values from 25 pg/ml to 57 pg/ml - pubertal stage  

Values greater than 57 pg/ml - post-pubertal stage 
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 of maturation at a 95% confidence interval of mean. Further investigations with larger 

sample size are required to establish the precise ranges of each of the six cervical 

vertebral stages.  

Thus this range of salivary DHEA values can supplement the currently used 

skeletal maturity indicators in the identification of the pubertal peak of growth. 

 



BIBLIOGRAPHY 
 

1. P. Narayana Prasad et al, Timing of orthodontic treatment: Journal of Oral health and 

Community Dentistry 2011;5(2);94-96 

2. Tiziano Baccetti,Lorenzo Franchi, Linda Ratner Toth and James A. McNamara, Jr,. 

Treatment timing for Twin-block therapy. Am J Orthod Dentofacial Orthop 

2000;118:159-70 

3. Kurt Faltin Jr, Rolf M. Faltin, Tiziano Lorenzo Franchi, Bruno Ghiozzi, James A. 

McNamara Jr.Baccetti.Long-term Effectiveness and Treatment Timing for Bionator 

Therapy. Angle Orthod 2003;73: 221–230. 

4. Edward F. Harris. Effects of Patient Age and Sex on Treatment: Correction of Class II 

Malocclusion with the Begg Technique. Angle Orthodontist, Vol 71, No 6, 2001 

5. Tiziano Baccetti, Lorenzo Franchi and Ludia H. Kimb. Effect of timing on the outcomes 

of 1-phase nonextraction therapy of Class II malocclusion. Am J Orthod Dentofacial 

Orthop 2009;136:501-9 

6. Malmgren O, Ömblus J, Hägg U, Pancherz H. Treatment with an appliance system in 

relation to treatment intensity and growth periods. Am J Orthod Dentofacial Orthop 

1987;91:143-51. 

7. Hägg U, Pancherz H . Dentofacial orthopaedics in relation to chronological age, growth 

period and skeletal development: an analysis of 72 male patients with Class II Division 1 

malocclusion treated with the Herbst appliance. Eur J Orthod 1988;10:169-76. 

8. Todd TW, Atlas of skeletal maturation: St.Louis; Mosby; 1937 

9. Samir E.Bhishara, Textbook of Orthodontics : Philadelphia; Saunders; 2001 

10. Urban Hagg, John Taranger. Maturation indicators and the pubertal growth spurt. Am J 

Orthod. 1982 Oct; 82(4):299-309. 

11. Sandra Coutinho et al. Relationships between mandibular canine calcification stages and 

skeletal maturity. Am J Orthod 1993: 104:262-268 



BIBLIOGRAPHY 
 

12. Christer Engstrom et al. Lower third molar development in relation to skeletal maturity 

and chronologic age. Angle Orthod April 1983,Vol 53,(2):97-106.  

13. Tiziano Baccetti, Lorenzo Franchi, Simona De Lisa and Veronica Giuntinib. Eruption of 

the maxillary canines in relation to skeletal maturity. Am J Orthod Dentofacial Orthop 

2008;133:748-51. 

14. Tiziano Bacetti, Lorenzo Franchi and James Mc Namara Jr. The Cervical Vertebral 

Maturation (CVM) method for the Assessment of the Optimal Treatment Timing in 

Dentofacial Orthopedics. Semin Orthod 2005;11:119-129. 

15. Tiziano Bacetti, Lorenzo Franchi and James Mc Namara Jr. An Improved Version of the 

Cervical Vertebral Maturation (CVM) method for the assessment of Mandibular growth. 

Angle Orthod 2002: 72:316-323. 

16. Fishman.L.S. Radiographic evaluation of skeletal maturation- a clinical oriented method 

based on Hand wrist film. Angle Orthod 1982;98:33-40  

17. Concetto Spampinato. Skeletal Bone Age Assessment. Thesis. University Of Catania 

18. Grave KC, Brown T. Skeletal ossification and the adolescent growth spurt. Am J Orthod. 

1976;69(6):611–9. 

19. Guiseppe Perinetti, Lorenzo Franchi, Attilio Castaldo, Luca Contardo. Gingival 

crevicular fluid protein content and alkaline phosphatase activity in relation to pubertal 

growth phase. Angle Orthodontist 2012: 82 (6): 1047-1052. 

20. Ramy Abdul Rahman Ishaq, Sanaa Abou Zeid Soliman, Manal yehya Foda, Moria 

Mohamed Salah Fayed. Insulin- like Growth Factor 1: A biologic maturation indicator. 

Am J Orthod2012:142:654-661  

21. Bhadrinath Srinivasan and Sridhar Premkumar. Assessment of serum 

dehydroepiandrosterone sulphate in subjects during the pre-pubertal, pubertal, and adult 

stages of skeletal maturation. European Journal of Orthodontics 34 (2012) 447–451. 



BIBLIOGRAPHY 
 

22. Lamparski D. Skeletal age assessment utilizing cervical vertebrae. [Thesis.] Pittsburgh: 

University of Pittsburgh, 1972. 

23. Richard J.Auchus and William E.Rainey. Adrenarche- physiology, biochemistry and 

human disease.Clinical Endocrinology 2004;60;288-296. 

24. Krobath, P.D.Salek, F.S.Pittengar, A.L.etal DHEA and DHEA-S: A Review. J Cin 

Pharmacol1999: 39(4):327- 48 

25. Banerjee S
1
, Raghavan S, Wasserman EJ, Linder BL, Saenger P, DiMartino-Nardi J. 

Hormonal findings in African-American and Caribbean Hispanic girls with premature 

adrenarche: implications for polycystic ovarian syndrome. Pediatrics 1998 Sep; 

102(3):E36. 

26. Jacques-R. Ducharme, Maguelone G. Forest, Eveline De Peretti, Michel Sempfi, Robert 

Collu, And Jean Bertrand.  Plasma Adrenal and Gonadal Sex Steroids in Human Pubertal 

Development. J Clin Endocrinol Metab 42: 468, 1976. 

27. Vining RF, McGinley RA, Symons RG. Hormones in saliva: mode of entry and 

consequent implications for clinical interpretation Clin Chem. 1983 Oct;29(10):1752-6. 

28. Brent Hassel, and Allan G. Farman, Skeletal maturation evaluation using cervical 

vertebrae. Am J Orthod Dentofac Orthop 1995;107:58-66. 

29. Patricia Garcia Fernandez, Hilda Torre, Luis Flores, Jesus Rea. The cervical vertebrae as 

maturational indicators.JCO. 32(4), 221-25. 1998 

30. Douglas A. Granger, Eve B. Schwartz, Alan Booth, Mary Curran, Dena Zakaria 

Assessing dehydroepiandrosterone in saliva:simple radioimmunoassay for use in studies 

of children, adolescents and adults. Psychoneuroendocrinology 24 (1999) 567–579. 

31. Albert Michael, Alison Jenaway, Eugene S. Paykel, and Joe Herbert. Altered Salivary 

Dehydroepiandrosterone Levels in Major Depression in Adults. Biol Psychiatry 

2000;48:989–995. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Banerjee%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9724684
http://www.ncbi.nlm.nih.gov/pubmed/?term=Raghavan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9724684
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wasserman%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=9724684
http://www.ncbi.nlm.nih.gov/pubmed/?term=Linder%20BL%5BAuthor%5D&cauthor=true&cauthor_uid=9724684
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saenger%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9724684
http://www.ncbi.nlm.nih.gov/pubmed/?term=DiMartino-Nardi%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9724684
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vining%20RF%5BAuthor%5D&cauthor=true&cauthor_uid=6225566
http://www.ncbi.nlm.nih.gov/pubmed/?term=McGinley%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=6225566
http://www.ncbi.nlm.nih.gov/pubmed/?term=Symons%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=6225566
http://www.ncbi.nlm.nih.gov/pubmed/6225566


BIBLIOGRAPHY 
 

32. Elizabeth A. Shirtcliff, Douglas A. Granger, Eve Schwartz, Mary J. Curran. Use of 

salivary biomarkers in biobehavioral research: cotton-based sample collection methods 

can interfere with salivary immunoassay results. Psychoneuroendocrinology 26 (2001) 

165–173 

33. Koshi Sato et al . An accurate method of predicting mandibular growth potential based 

on bone maturity. Am J Orthod DentoFac Orthop 2001:120:286-290. 

34. Tiziano Bacetti,  Lorenzo Franchi and James Mc Namara Jr. An Improved Version of the 

Cervical Vertebral Maturation (CVM) method for the assessment of Mandibular growth. 

Angle Orthod 2002: 72:316-323. 

35. Toshinaro Mito, Sato.K, Mittani H.Cervical Vertebral Bone age in girls. . Am J Orthod 

DentoFac Orthop 2002;122:380-385. 

36. Paloma San Roman, Juan Carlos Palma, Dolores Oteo and Esther Nevado. Skeletal 

maturation determined by Cervical Vertebrae Development. European Journal of 

Orthodontics 2002; 24:303-311. 

37. F. Hucklebridge, T. Hussain, P. Evans, A. Clow. The diurnal patterns of the adrenal 

steroids cortisol and dehydroepiandrosterone (DHEA) in relation to awakening. 

Psychoneuroendocrinology (2005) 30, 51–57 

38. Wattana Leowattana.  DHEAS as a new diagnostic tool.  Clinica Chimica Acta (2004) 1–

15 

39. Clare Netherton , Ian Goodyer , Alison Tamplin, Joe Herbert, Salivary cortisol and 

dehydroepiandrosterone in relation to puberty and gender. Psychoneuroendocrinology 29 

(2004) 125–140. 

 

 



BIBLIOGRAPHY 
 

40. Johanna Assies, Ieke Visser, Nancy A. Nicolson, Teunis A. Eggelte, Elisabeth M. 

Wekkinga, Jochanan Huyser, Ritsaert Lieverse, Aart H. Schene. Elevated salivary 

dehydroepiandrosterone-sulfate but normal cortisol levels in medicated depressed 

patients: preliminary findings. Psychiatry Research 128 (2004) 117– 122 

41. Katie T. Kivlighan,  Douglas A. Granger,  Eve B. Schwartz, Vincent Nelson, Mary 

Curran  and Elizabeth A. Shirtcliff. Quantifying blood leakage into the oral mucosa and 

its effects on the measurement of cortisol, dehydroepiandrosterone, and testosterone in 

saliva. Hormones and Behavior 46 (2004) 39– 46.  

42. Carlos Flores – Mir et al . Use of Skeletal maturation based on Hand – Wrist 

radiographic analysis as a predictor of facial growth. Angle orthod 2004; 74: 118-124. 

43. Paulo Gandini et al. A Comparision of Hand Wrist bone and Cervical Vertebral Analyses 

in measuring skeletal maturation. Angle Orthod 2006; Vol 76(6): 984-988. 

44. Tancan Uysal et al . Charonologic Age and Skeletal maturation  of the cervical vertebrae 

and hand wrist . Is there a relationship? Am J Orthod Dentofac Orthop 2006; 130:622-

628. 

45. Peter Gallagher, Melville M. Leitch, Anna E. Massey, R. Hamish McAllister-Williams, 

Allan H. Young. Assessing cortisol and dehydroepiandrosterone (DHEA) in saliva: 

effects of collection method. Journal of Psychopharmacology 20(5) (2006) 643–649. 

46. A. Wayne Meikle, Mark M. Kushnir, Alan L. Rockwood, Elizabeth G. Pattison, Alan H. 

Terry, Tonya Sandrock, Ashley M. Bunker, Amit R. Phanslkar, William E. Owen  and 

William L. Roberts. Adrenal Steroid Concentrations in Children Seven to Seventeen 

Years of Age. Journal of Pediatric Endocrinology & Metabolism, 20, 1281-1291 (2007). 

 

47. Ryun Su Ahn, Young-jin Lee, Jun-Young Choi, Hyuk-Bang Kwon and Sae-il chun. 

Salivary Cortisol and DHEA levels in the Korean population:Age related differences, 



BIBLIOGRAPHY 
 

Diurnal Rhythm and co-relations with Serum levels.Yonsei Medical Journal.2007, Vol 

48,No 3,379-388. 

48. Robert L. Matchock,  Lorah D. Dorn and Elizabeth J. Susman. Diurnal and seasonal 

Cortisol, Testosterone, and DHEA rhythms in boys and girls during puberty 

Chronobiology International, 24(5): 969–990, (2007). 

49. Douglas A. Granger, Dante Cicchetti, Fred A. Rogosch , Leah C. Hibel , Michael Teisld, 

Elisa Flores. Blood contamination in children’s saliva: Prevalence, stability, and impact 

on the measurement of salivary cortisol, testosterone, and dehydroepiandrosterone 

Psychoneuroendocrinology (2007) 32, 724–733. 

50. Elizabeth Shirtcliff, Carolyn Zahn-Waxler, Bonnie Klimes-Dougan and Marcia Slattery. 

Salivary dehydroepiandrosterone responsiveness to social challenge in adolescents with 

internalizing problems. Journal of Child Psychology and Psychiatry 48:6 (2007), 580–

591. 

51.   Baccetti, Lorenzo Franchi, and James A. McNamara, Jr.Growth in the Untreated Class 

III Subject. Semin Orthod2007;13:130-142. 

52. Yan Gu, James Mc Namara Jr. Mandibular Growth Changes and Cervical Vertebral 

maturation.Angle orthod 2007:77(6)947-953. 

53. Li-Li Chen, Tian-Min Xu, Jiu-Hui Jiang, Xing-Zhong Zhang & Jiu-Xiang Lin (2008). 

Quantitative Cervical Vertebral Maturation Assessment In Adolescents With Normal 

Occlusion: A Mixed Longitudinal Study. Am J Orthod Dentofac Orthop, 134 (720).  

54. Tiziano Baccetti, Lorenzo Franchi, Scott O. Schulz, and James A. McNamara, Jr. 

Treatment timing for an orthopedic approach to patients with increased vertical 

dimension. Am J Orthod Dentofacial Orthop 2008;133:58-64. 



BIBLIOGRAPHY 
 

55. Hessa Abdulla Alkhal, Ricky W. K. Wong & A. Bakr M. Rabie (2008). Correlation 

Between Chronological Age, Cervical Vertebral Maturation and Fishman’s Skeletal 

Maturity Indicators In southern Chinese. Angle Orthodontist, 78(4); 591-596. 

56. Lorenzo Franchi, Tiziano Baccetti, Laura De Toffol, Antonella Polimeni, Paola Cozza. 

Phases of dentition for the assessment of skeletal maturity: A diagnostic performance 

study. Am J Orthod DentoFac Orthop 2008;133:395-400 

57.  Mohamed Masoud, Ibrahim Masoud, Ralph L. Kent, Jr, Nour Gowharji, and Laurie E. 

Cohene. Assessing skeletal maturity by using blood spot insulin-like growth factor I 

(IGF-I) testing. Am J Orthod Dentofacial Orthop 2008;134:209-16. 

58. Shuhei Izawa, Nagisa Sugaya, Kentaro Shirotsuki, Kosuke Chris Yamada, Namiko 

Ogawa, Yuko Ouchi, Yuichiro Nagano, Katsuhiko Suzuki, Shinobu Nomura. Salivary 

dehydroepiandrosterone secretion in response to acute psychosocial stress and its 

correlations with biological and psychological changes. Biological Psychology 79 (2008) 

294–298. 

59. Gerald L. Brown , Elizabeth L. McGarvey, Elizabeth A. Shirtcliff , Adrienne Keller, 

Douglas A. Granger , Kara Flavin. Salivary cortisol, dehydroepiandrosterone, and 

testosterone interrelationships in healthy young males: A pilot study with implications 

for studies of aggressive behaviour. Psychiatry Research 159 (2008) 67–76. 

60. Toshihiro Ansai,  Inho Soh, Aiko Ishisaka,  Akihiro Yoshida, Shuji Awano, Tomoko 

Hamasaki, Kazuo Sonoki, Yutaka Takata  and Tadamichi Takehara. Determination of 

Cortisol and Dehydroepiandrosterone Levels in Saliva for Screening of Periodontitis in 

Older Japanese Adults. International Journal of Dentistry .Volume 2009.1-8. 

61. Athina Chatzigianni & Demetrios J. Halazonetis (2009). Geometric Morphometric 

Evaluation of Cervical Vertebrae Shape and Its Relationship To Skeletal Maturation. Am 

J Orthod Dentofac Orthop 136; 481-486. 



BIBLIOGRAPHY 
 

62. Ricky W.K.Wong, Hessa A.Alkhal & Bakr M. Rabie (2009). Use of Cervical Vertebral 

Maturation to Determine Skeletal Age. Am J Orthod Dentofac Orthop 136; 484. 

63. Daniel B. Gabriel, Karin A. Southard, Fang Qian, Steven D. Marshall, Robert G. 

Franciscus & Thomas E. Southard (2009). Cervical Vertebrae Maturation Method: Poor 

Reproducibility. Am J Orthod Dentofac Orthop 136; 478 

64. Malgoratza Kuc-Michalska & Tiziano Baccetti. Duration of the Pubertal Peak in Skeletal 

Class I and Class III Subjects. Angle Orthod 2010; 80:54-57. 

65. Luci Mara Fachardo Jacuera, Monica Costa Armond,Luciana Jose Perera. Determining 

skeletal Maturation Stage using Cervical vertebrae: evaluation of 3 Diagnostic 

methods.Braz oral Res 2010; Oct –Dec.24(4);433-437. 

66. Piotr Fudalej & Annie Marie Bollen. Effectiveness of the Cervical Vertebral Maturation 

Method to predict postpeak circumpubertal growth of craniofacial structures. Am J 

Orthod Dentofac Orthop 2010;137:59-65. 

67. Ingrid Rozylo- Kaliniwska, Anna Kolasa- Raczka & Pawel Kaliowski. Relationship 

between dental age according to Demirjian and Cervical Vertebrae Maturity in Polish 

children. Europen journal of Orthodontics 2011:33:75-83. 

68. Prom-Wormley EC
1
, York TP, Jacobson KC, Eaves LJ, Mendoza SP, Hellhammer D, 

Maninger N, Levine S, Lupien S, Lyons MJ, Hauger R, Xian H, Franz CE, Kremen WS. 

Genetic and environmental effects on diurnal dehydroepiandrosterone sulfate 

concentrations in middle-aged men. Psychoneuroendocrinology. 2011 Nov;36(10):1441-

52. 

69. G. Perinetti, L. Contardo, P. Gabrielli, T. Baccetti, R. Di . Lenerda, . Diagnostic 

Performance Of Dental Maturity For Identification Of Skeletal Maturation Phase. 

Europen Journal of Orthodontics 2012:34:487-492. 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Prom-Wormley%20EC%5BAuthor%5D&cauthor=true&cauthor_uid=21570195
http://www.ncbi.nlm.nih.gov/pubmed/?term=York%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=21570195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobson%20KC%5BAuthor%5D&cauthor=true&cauthor_uid=21570195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eaves%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=21570195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mendoza%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=21570195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hellhammer%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21570195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maninger%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21570195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Levine%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21570195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lupien%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21570195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lyons%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=21570195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hauger%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21570195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xian%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21570195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Franz%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=21570195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kremen%20WS%5BAuthor%5D&cauthor=true&cauthor_uid=21570195
http://www.ncbi.nlm.nih.gov/pubmed/21570195


BIBLIOGRAPHY 
 

70. Trenton S. Nestman, Steven D. Marshall, Fang Quain, Nathan Holton, Robert g. 

Franciscus, Thomas E. Southard. Cervical Vertebrae Maturation Method morphologic 

Criteria : poor Reproducibility. Am J Orthod Dentofac Orthop 2011: 140:182-188. 

71. Maria Rita Guica, Marco Passini, Simona Tecco, Enrico Marchetti, Laura Gianotti, 

Guieseppe Marzo. Skeletal maturation in Obese patients. . Am J Orthod DentoFac 

Orthop 2012: 142:774-779. 

72. Sushil Kumar,, Anu Singla, Rekha Sharma, Mandeep S. Virdi, Anant Anupam, Bindia 

Mittal. Skeletal maturation evaluation using second molar calcification stages. Angle 

Orthodontist 2012: 82(3):501-506. 

73. Rodrigo Cesar Santiago, Luiz Felipe de Miranda Costa, Robert Willer Farinazzo Vitral, 

Marcelo Reis Fraga, Ana Maria Bolognese, Lucianne Copla Maia. Cervical Vertebral 

Maturation as a Biologic Indicator of skeletal maturity. A Systematic Review. Angle 

Orthod 2012;82 : 1123-1131 

74. A. Oskis, A. Clow, L. Thorn, C. Loveday & F. Hucklebridge. Differences between 

diurnal patterns of salivary cortisol and dehydroepiandrosterone in healthy female 

adolescents. Stress, January 2012; 15(1): 110–114. 

75. Jennifer L.J. Heaney , Anna C. Phillips, Douglas Carroll. Ageing, physical function, and 

the diurnal rhythms of cortisol and dehydroepiandrosterone. Psychoneuroendocrinology 

(2012) 37, 341—349. 

76. Mary E. Saczawa, Julia A. Graber, Jeanne Brooks-Gunn , Michelle P. Warren. 

Methodological considerations in use of the cortisol/DHEA(S) ratio in adolescent 

populations. Psychoneuroendocrinology (2013) 38, 2815—2819. 

 

 



BIBLIOGRAPHY 
 

77. Iva A.E. Bicanic, Riemke M. Postma , Gerben Sinnema , Carlijn De Roos , Miranda Olff 

, Floryt Van Wesel , Elise M. Van de Putte. Salivary cortisol and 

dehydroepiandrosterone sulfate in adolescent rape victims with post traumatic stress 

disorder. Psychoneuroendocrinology (2013) 38, 408—415. 

78. Mohammed Zahid Hussain, Ashok kumar Talpaneni, Mandava Prasad, Ramalingam 

Krishnan. Serum PTHrP level as a biomarker in assessing skeletal maturation during 

circumpubertal development. . Am J Orthod DentoFac Orthop 2103;143:515- 521. 

79. Guiseppe Perinetti, Luca Contardo, Roberto Di Lenarda. Diagnostic performance of 

combined canine and second molar maturity for identification of growth phase. Progress 

in Orthodontics 2013:14 (1):1-7 

80. Kervin b. Mack, Ceib Phillips, nina Jain, lorne D. Koruluk. Relatioship between body 

mass index percentile and skeletal maturation and dental development in orthodontic 

patients. Am J Orthod Dentofac Orthop 2013;143:228-234 

81. Raphael Patcas, Luca Signorelli, Timo Peltomäki, Marc Schätzle. Is the use of the 

cervical vertebrae maturation method justified to determine skeletal age? A comparison 

of radiation dose of two strategies for skeletal age estimation. European Journal of 

Orthodontics 35 (5) 604 – 609. 

82. Nayak. S , Bhad  Patil WA, Doshi UH. The relationship between salivary insulin – like 

growth factor 1 and quantitative cervical maturational stages of skeletal maturity. Journal 

of Orthodontics 2014 Sep;41(3):170-174. 

83. Shahla Momeni Danaei, Amirali Karamifar, Ahmadreza Sardarian, Shoeleh Shahid, 

Hamdollah Kramifar, Abbas Alipour, Shahar Godsi Boushehiri. Measuring agreement 

between cervical vertebrae and hand-wrist maturation in determining skeletal age: 

Reassessing the theory in patients with short stature. Am J Orthod Dentofac Orthop 2014 

Vol 146, Issue 3, 294–298. 

http://ejo.oxfordjournals.org/
http://ejo.oxfordjournals.org/
http://ejo.oxfordjournals.org/content/35/5


BIBLIOGRAPHY 
 

84. S. Vandewalle, Y. Taes, T. Fiers, K. Toye, E. Van Caenegem, J.-M. Kaufman, J.Relation 

of adrenal-derived steroids with bone maturation, mineral density and geometry in 

healthy prepubertal and early pubertal boys. Bone 69 (2014) 39–46.  

85. Tue Søeborg , Hanne Frederiksen, Annette Mouritsen, Trine Holm Johannsen, Katharina 

Maria Main,Niels Jørgensen, Jørgen Holm Petersen, Anna-Maria Andersson, Anders 

Juul. Sex, age, pubertal development and use of oral contraceptives in relation to serum 

concentrations of DHEA, DHEAS, 17α-hydroxyprogesterone, Δ4-androstenedione, 

testosterone and their ratios in children, adolescents and young adults. Clinica Chimica 

Acta 437 (2014) 6–13. 

86. Salimetrics: Saliva Collection and Handling Advice; Salimetrics LLC;  

87. Kristin M.Voegtline and Douglas A. Granger. Dispatches from the interface of salivary 

bioscience and neonatal research. Frontiers in Endocrinology2014;5(25)1-8. 

88. Robert .N. Moore.Skeletal maturation and craniofacial growth. Am J Orthod July 1990 

Volume 98, Issue 1, Pages 33–40 

89. Calvin Hunter. The Corelation of facial growth with body height and skeletal maturation 

at adolescence. Angle Orthod 1966;Vol 36 (1), 44-53. 

90. Mirzen arat, Aysegul Koklu, Erhan Ozdiler, Meliha Rubenduz and Banu Erdogan. 

Craniofacial growth and skeletal maturation: A mixed longitudinal study. Eur J Orthod 

2001;23;355-361. 

91. Leonard Fishman. Chronological versus skeletal age, an evaluation of craniofacial 

growth. Angle Orthod 1979;Vol 49,No 3,181-188. 

92. Ghafari JG, Shofer FS, Laster LL, Markowitz DL, Silverton S, Katz SH Monitoring 

growth during orthodontic treatment. Semin Orthod. 1995 Sep;1(3):165-75. 

93. Adachi M , Takayanagi R 2006 Role of androgens and DHEA in bone metabolism . 

Clinical Calcium 16 : 61 – 66. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghafari%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=9002913
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shofer%20FS%5BAuthor%5D&cauthor=true&cauthor_uid=9002913
http://www.ncbi.nlm.nih.gov/pubmed/?term=Laster%20LL%5BAuthor%5D&cauthor=true&cauthor_uid=9002913
http://www.ncbi.nlm.nih.gov/pubmed/?term=Markowitz%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=9002913
http://www.ncbi.nlm.nih.gov/pubmed/?term=Silverton%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9002913
http://www.ncbi.nlm.nih.gov/pubmed/?term=Katz%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=9002913
http://www.ncbi.nlm.nih.gov/pubmed/9002913


BIBLIOGRAPHY 
 

94. Sabine Ruf and Hans Pancherz.Development of the frontal sinus in relation to 

somatic and skeletal maturity. A cephalometric roentgenographic study at puberty 

Eur J Orthod 18 ;1996; 491-497. 


